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Plants having modified growth characteristics and method for 

making the same 

The present invention relates generally to the field of molecular biology and concerns a 
5 method for modifying plant growth characteristics. More specifically, the present invention 
concerns a method for modifying plant growth characteristics by modulating expression in a 
plant of a B-type CDK (cyclin dependent kinase) nucleic acid and/or by modulating activity 
and/or levels in a plant of a B-type CDK protein. The present invention also concerns plants 
having modulated expression of a B-type CDK nucleic acid and/or modulated activity and/or 
10 levels of a B-type CDK protein, which plants have modified growth characteristics relative to 
corresponding wild type plants. The present invention also provides a novel screening method 
for the identification of mutant CDKs having enhanced CDK activity relative to corresponding 
non-mutated CDKs. The present invention also provides a novel screening method for the 
identification of non-active CDKs that are able to bind to CKIs (cyclin dependent kinase 
15 inhibitors). The invention also provides mutant CDKs obtainable by the screening methods 
according to the invention. 

The ever-increasing world population and the dwindling supply of arable land available for 
agriculture fuel agricultural research towards improving the efficiency of agriculture. 
20 Conventional means for crop and horticultural improvements utilise selective breeding 
techniques to identify plants having desirable characteristics. However, such selective 
breeding techniques have several drawbacks, namely that these techniques are typically 
labour intensive and result in plants that often contain heterogeneous genetic components that 
may not always result in the desirable trait being passed on from parent plants. Advances in 
25 molecular biology have allowed mankind to modify the germplasm of animals and plants. 
Genetic engineering of plants entails the isolation and manipulation of genetic material 
(typically in the form of DNA or RNA) and the subsequent introduction of that genetic material 
into a plant. Such technology has the capacity to deliver crops or plants having various 
improved economic, agronomic or horticultural traits. A trait of particular economic interest is 
30 yield. Yield is normally defined as the measurable produce of economic value from a crop. 
This may be defined in terms of quantity and/or quality. Yield is directly dependent on several 
factors, for example, the number and size of the organs, plant architecture (for example, the 
number of branches), seed production and more. Root development, nutrient uptake and 
stress tolerance are also important factors in determining yield. Typical stresses to which 
35 plants are subjected include environmental (abiotic) stresses (such as temperature stresses 
caused by atypical high or low temperatures; stresses caused by nutrient deficiency; stresses 
caused by lack of water (drought)) and biotic stresses (which can be imposed on plants by 
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other plants (weeds), animal pests and pathogens). Crop yield may be increased not only by 
optimising one of the abovementioned factors, but may also be increased by modifying the 
inherent growth mechanisms of a plant. 

5 The inherent growth mechanisms of a plant reside in a highly ordered sequence of events 
collectively known as the "cell cycle'. Progression through the cell cycle is fundamental to the 
growth and development of all multicellular organisms and is crucial to cell proliferation. The 
major components of the cell cycle are highly conserved in yeast, mammals, and plants. The 
cell cycle is typically divided into the following sequential phases: GO - G1 - S - G2 - M. DNA 

10 replication or synthesis generally takes place during the S phase ("S" is for DNA synthesis) 
and mitotic segregation of the chromosomes occurs during the M phase (the "M" is for mitosis), 
with intervening gap phases, G1 (during which cells grow before DNA replication) and G2 (a 
period after DNA replication during which the cell prepares for division). Cell division is 
completed after cytokinesis, the last step of the M phase. Cells that have exited the cell cycle 

15 and that have become quiescent are said to be in the GO phase. Cells in this phase can be 
stimulated to renter the cell cycle at the G1 phase. The "G" in 61. G2 and GO stands for "gap". 
Completion of the cell cycle process allows each daughter cell during cell division to receive a 
full copy of the parental genome. 

20 Cell division is controlled by two principal cell cycle evente, namely initiation of DNA synthesis 
and initiation of mitosis. Each transition to each of these key events is controlled by a 
checkpoint represented by specific protein complexes (involved in DNA replication and 
division). The expression of genes necessary for DNA synthesis at the G1/S boundary is 
regulated by the E2F family of transcription factors in mammals and plant cells (La Thangue, 
25 1994 (Curr. Opin. Cell Biol. 6 (3), 443 - 450); Muller ef a/., 2001 (Genes Dev. 15 (3), 267 - 
285); De Veylder ef a/., 2002 (EMBO J. 21 (6), 1360 - 1368)). Entry into the cell cycle is 
regulated/triggered by an E2F/Rb complex that integrates signals and allows activation of 
transcription of cell cycle genes. The transition between the different phases of the cell cycle, 
and therefore progression through the cell cycle, is driven by the formation and activation of 
30 different heterodimeric serine/threonine protein kinases, generally referred to as cyclin- 
dependent kinases (CDKs). A prerequisite for activity of these kinases is the physical 
association with a specific cyclin, the timing of activation being largely dependent upon cyclin 
expression. Cyclin binding induces conformational changes in the N-terminal lobe of the 
associating CDK and contributes to the localisation and substrate specificity of the complex. 
35 Monomeric CDKs are activated when they are associated with cyclins and thus have kinase 
activity. Cyclin protein levels fluctuate in the cell cycle and therefore represent a major factor 
in determining timing of CDK activation. The periodic activation of these complexes containing 
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cydins and CDK during eel. cycle mediates the temporal regulation of celUcyde transraons 
(checkpoints). Other factors regulating CDK activity include CDK inhibitors (CKIs or ICKs 
KIPs CIPs INKS), CDK activating kinases (CAKs), a CDK phosphatase (Cdc25) and a CDK 
subu'nit (CKS) (Mlronov ef al. 19g 9 (Plant Cell 1 1 (4), 509 - 522); Reed 1996 (Progressin Cell 
5 cycle Research 2, 1 5 - 27)). 

,n plants, two major classes of CDKs, known as A-type and B-typa CDKs, have t=een studied 
to date. The A-type CDKs regulate both the G1-to-S and G2-to-M transitions, whereas the B- 
type CDKs seem to control the G2-to-M checkpoint only (Hemedy ef al, 1995 (EMBO J 4 
,0 (16) 3925 - 3936); Magyar ef a/., 19g7 (Plant Cell 9 (2), 223 - 235); Pomeddu ef al., 2001 (J. 
Biol. Chem. 276 (39) 36354 - 36360)). In addition, the presence of C4ype CDKs and CDK- 
aotivating kinases (CAKs) has been reported (Magyar ef a/., 19 9 7 (Plant Cell 9 (2), 223 - 235); 
Umeda ef al., 1998 (Proc Natl Acad Sci U S A. 95 ( 9 ), 5021 - 5026, Joubes ef al.. 2001 (Plant 
Physiol. 126 (4), 1403 - 1415)), as has the presence of D-type, E-type and F-type CDKs 
15 (Vandepoele ef al. 2002 (Plant Cell 14 (4), 903 - 916)). 

The abilfly to influence the cell cycle in a plant, and to thereby modify various growth 
characteristics of a plant, would have many applications in areas such as crop enhancement, 
plant breeding, production of ornamental plants, aboriculture, horticulture, forestry, the 
production of algae or plants (for example for use as bloreactors, for the production of 
substances such as pharmaceuticals, antibodies, or vaccines, or for the bioconversfon of 
organic waste or for use as fuel in the case of high-yielding algae and plants). 

,t has now been found that modulating expression in a plant of a B-type CDK nucleic add 
and/or modulating activity and/or levels in a plant of a B-typa CDK protein gives plants havmg 
modified growth charaderistics. Therefore according to a first embodiment of the present 
invention there la provided a method for modifying (improving) the growth characteristics o a 
plant, comprising modulating expression in a plant of a B-type CDK nudeio add and/or 
modulaUng activity and/or levels In a plant of a B-type CDK protein, wherein the mocked 
growth characteristics are selerted from increased growth rate, increased yield and modfied 
architecture. 

Modulating expression of a B-type CDK nucleic acid is enhancing or increasing expression of a 
B-type CDK gene/nucleic acid. Modulating activity and/or levels of a B-type CDK protem .s 
increasing activity (which may or may not be as a result of increased levels of a B-type CDK 
protein) The altered expression, activity and/or levels are altered compared to expression, 
activity and/or levels of a B-type CDK in corresponding wild-type plants. Methods for obta.n.ng 
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enhanced or increased expression of genes or gene products are well documented in the art 
and include, for example, overexpression driven by a strong promoter, the use of transcr.pt.on 
enhancers or translation enhancers. 

5 A preferred approach for modifying (more specifically improving) the growth characteristics of 
plants comprises introducing and expressing in a plant a B-type CDK nucleic acid, wh.ch 
nucleic acid encodes a B-ty P e CDK protein. The nucleic acid may be introduced into a plant 
by for example, transformation. Therefore, according to a preferred aspect of the present 
invention, there is provided a method for improving the growth characteristics of a plant 

10 comprising introducing into a plant, in an expressible format, a B-type CDK nucleic acid, which 
B-type CDK nucleic acid encodes a B-type CDK protein, wherein the improved growth 
characteristics are any one or more of: increased yield, increased growth rate and modified 
architecture, each relative to corresponding wild- type plants. 

A "B-type CDK nucleic acid" as defined herein is a nucleic acid/gene encoding a prote.n 
15 having- (i) a PPTALRE motif with no mismatches or with a mismatch at position 2 and/or 4 
from left to right; (ii) a catalytic kinase domain; and (Hi) a T-loop activation kinase doma.n 
(Magyar ef a/., 1997 (Plant Cell 9 (2), 223 - 235)). 

The motifs and domains identified in (i) to (iii) above may easily be identified by persons skilled 
in the art using routine techniques. A kinase assay may, for example, be performed as 
20 described in Cockcroft er a/., 2000 (Nature, 405 (6786). 575-579). The assay involves grind.ng 
plant material in liquid nitrogen and resuspending in an appropriate buffer (such as 1ml of 
50mM Tris-HC. pH 7.5, 75mM Nad, 15mM EGTA, 15mMMgCI2, 1 mM dithiothreitol, 0.1% 
Tween 20, 1X complete Tm protease inhibitor, 1 mMNaF, 0.2mM NaV, 2mM Na- 
pyrophosphate, 60mM beta-glycerophosphate). The suspension is then homogen.zed for 4 x 
25 30sec with 30 sec on ice between homogeneizations. The supernatant is then incubated w,th 
20 microliters of protein A Sepharose (50% suspension) for 30 min at 4'C. The supernatant « 
incubated with 1 microliter of antiserum (directed against the carboxy terminal peptide of a 
CDC2b protein, as described in Setiady era/., 1996 (Plant Cell Physiology 37 (3), 369-376) for 
2h on ice, then 20 microliters protein A-Sepharose added and the sample rotated at 4°C for an 
30 hour Samples are washed 2 times with kinase buffer (50mM Tris-HCI P H7.5, 100mM NaCI, 
5mM EGTA, 1mM DTT), resuspended in 15 microliters assay buffer (50mM Tns-HCl P H7.5, 
100mM NaCI, 5mM EGTA. 10mM MgCI2, 1mM DTT, ImM NaF, 0.2 mM Na-Vanadate, 2 mM 
Na pyrophosphate, 25mM beta glycerophosphate, 0.5 mM histone H1 as a substrate, 0.5mM 
PMSF and 74 kBq [gamma 32 P ATP (>185 TBq mmol-1) per 15 microliters of reaction) and 
35 incubated at room temperature for 30 min. The reaction may be stopped by adding gel load.ng 
buffer and samples may be analysed using SDS-PAGE and quantified using a phosphcmager 
(Molecular Dynamics). 
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The term "B-type CDK amino add" as defined herein encompasses any amino acid sequence 
which when used in the construction of a CDK phylogenetic tree, such as the one depicted in 
Fig 1 tends to cluster around the B-type CDKs rather than any of the other CDK groups. A 
person skilled in the art could readily determine whether any amino acid sequence in question 
falls within the definition of a "B-type CDK amino acid" using known techniques and software 
for the making of such a phylogenetic tree, such as a GCG, EB. or CLUSTAL package, using 
default parameters. Upon construction of such a phylogenetic tree, sequences clustenng m 
the B-type CDK group will be considered to fall within the definition of a "B-type CDK" and will 
therefore be useful in performing the methods of the invention. Additionally or alternatively, a 
"B-type CDK amino acid" as defined herein is one comprising: (i) a PPTALRE motif with no 
mismatches or with a mismatch at position 2 and/or 4 from left to right; (ii) a catalytic kinase 
domain; (iii) a T-loop activation kinase domain (Magyar ef a/., 1997 (Plant Cell 9 (2), 223 - 
235)). 

Table 1 below shows representative B-type CDKs and the PPTALRE motif with no mismatches 
or with a mismatch at position 2 and/or 4 from left to right. 



B-type CDK 


NCBI Accession Number 


Motif 


Arabidopsis CDKB1 .1 


At3g54180 


PPTALRE 


Arabidopsis CDKB1 .2 


At2g38620 


PPTALRE 


Tobacco CDKB1-1 


AF289465 


PPTALRE 


Tobacco CDKB1 -2 


AF289466 


PPTALRE 


Medicago CDC2MsD 


X97315 


PPTALRE 


Tomato CDKB1 


AJ297916 


PPTALRE 


Sunflower CDKB1.1 


AY063463 


PPTALRE 


Antirrhinum CDC2 kinase 


X97639 


PPTALRE 


Chenopodium CDK 


AJ278885 


PPTALRE 


Oryza CDK predicted 


NM_1 90272 


PPTALRE 


Oryza CDK predicted 


D64036 


PPTALRE 


Maize CDK predicted 


AY1 06440 


PPTALRE 


Maize CDK predicted 


AY1 06029 


PPTALRE 


Wheat CDK predicted 


BT009182 


PPTALRE 


Medicago CDC2MSF 


X97317 


PPTTLRE 


Populus CDKB 


AY307372 


PPTTLRE 
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Tomato CDKB2 


f\J/LV foil 


PPTTLRE 


Soybean CDKB 


AY439096 


PPTTLRE 


Antirrhinum CDC2 kinase 


X97640 


PPTTLRE 


Arabidopsis CDKB2.2 


At1g20930 


PPTTLRE 


Arabidopsis CDKB2.1 


At1g76540 


PSTTLRE 



The B-type CDK nucleic acid/gene may be isolated cr derived from any plant or algal or fungal 
source This nucleic acid may be substantially modified from its native form in composrtion 
and/or genomic environment through delibarate human manipulation. The B-*pe CDK nudeic 
5 acid ma, be isolated from a monocotyledonous or dicotyledonous species, preferably from the 
family Braas/caceae, further preferably from Arab/dopsfe <M» The nude, acrd . 
preterabiy a dass 1 B-type CDK, soch as a dass 1 B-type CDK adeded .mm •»«««*•* 
ciass 1 CDKs shown in Fig. 1, namely, CDK B1;1 from ArabMops/s tM». CDK B1 2 from 
ArabMopafe Mtow, CDKB1;1 from Lycopers/con eacutenfum (tomato), CDK B1;1 from 
,0 AnJL ma,ua, CDK B1;1 from Me*cago aatfva (a,«a) and CDK B1 f*,m D£* 
MM* further preferably the dass 1 B-type CDK is a CDK B1;1 from Arabrdopsrs Mm 
or a CDK B1;2 from Ambidopsio miiana. Alternatively, the nudeic acid h preferably a dass 2 
B-type CDK, such as a dass 2 B-type CDK seleded from the examples shown ,n Figl. 
namely, a CDK B2;1 from Arabia Mm. a CDK B2 ; 2 from MMP* ~* «K 
15 B2-1 from Anffrrh/num m^s, a CDK B2;1 horn Mesa^nfbemurn cnass^um, a CDK B2,1 
from Med/cago sabVa, a CDK B2;1 from Lycoparafcor, ascu/enfum end a CDK B 1 from Oryza 
saliva, further preferably the daaa 2 B-type CDK is a CDK B2;2 from Amb/dopafa Mm 

Most preferebly the CDK B1 ;1 nudeic acid is as represented by SEQ ID NO: 1 or by a porton 
20 thereof, or by a nudeic add sequence capable of hybridising therewith, and where.n toe CDK 
~ B1-1 protein is as represented by SEQ ID NO: 2. or a homologue, derivative or acbve fragment 
thereof. Most preferably the CDK B1 ;2 nudeic add is aa represented by SEQ ID NO: 3 or by a 
poruon thereof, or by a nudeic add sequence capable of hybridising therewrth, and where. 
L CDK B1:2 protein is as represented by SEQ ID NO: 4, or a homdogue, 
25 fragment thereof. Moat preferably the CDK B2;2 nudeic acid is as represented by SEQ D NO. 
5 1 by a portion thereof, or by a nudelc acid sequence capable of hybdd,s,ng toerewrth, and 
wherein toe CDK B2 ; 2 protein Is as represented by SEQ ID NO: 6, or a homologua derrvabve 
I acbve fragment toeraof. Each of toe CDK B1;1, CDKB1;2 and CDK B2;2 nude, 
adds/proteins also encompass the variant nudeic acids and amino acids aa descnbed 
30 hereinafter. 
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Although the invention has been exemplified with a B-type CDK according to SEQ ID NO: 1, 
SEQ ID NO: 3 and SEQ ID NO: 5, and corresponding amino acids according to SEQ ID NO: 2, 
SEQ ID NO: 4 and SEQ ID NO: 6, respectively, it would be apparent to a person skilled in the 
art that the methods according to the invention may also be practised using variant nucleic 

5 acids and variant amino acids, such as the ones defined hereinafter. Therefore, taken in a 
broad context, the term "B-type CDK" protein/nucleic acid also encompasses variant nucle.c 
acids and variant amino acids suitable for practising the methods according to the invent.on. 
Variant nucleic acids and variant amino acids suitable for practising the methods according to 
the invention include those falling within the definition of a "B-type CDK", meaning that upon 

10 construction of a phylogenetic tree, such as the one depicted in Fig. 1 , the variant sequences 
of interest would tend to cluster around the B-type CDKs and/or which variant encodes (in the 
case of a variant nucleic acid) or is (in the case of a variant amino acid) a protein compris.ng: 
(i) a PPTALRE motif with no mismatches or with a mismatch at position 2 and/or 4 from left to 
right; (ii) a catalytic kinase domain; (Hi) a T-loop activation kinase domain (Magyar ei a/., 1997 

1 5 (Plant Cell 9 (2), 223 - 235)). 

Suitable variant nucleic acid and amino acid sequences useful in practising the method 
according to the invention, include: 

(i) Functional portions of a B-type CDK nucleic acid/gene; 
20 (ii) Sequences capable of hybridising with a B-type CDK nucleic acid/gene; 

(iii) Alternative splice variants of a B-type CDK nucleic acid/gene; 

(iv) Allelic variants of a B-type CDK nucleic acid/gene; 

(v) Homologues, derivatives and active fragments of a B-type CDK protein; 

(vi) Mutant B-type CDKs. 

An example of a variant B-type nucleic acid/gene is a functional portion of a B-type nucleic 
acid/gene. It would be apparent to a person skilled in the art that the full length DNA sequence 
is not a prerequisite to carrying out the methods according to the invention. The methods 
according to the invention may advantageously be practised using functional portions of a B- 
type CDK. A functional portion refers to a piece of DNA derived or prepared from an orig.nal 
(larger) B-type CDK DNA molecule, which DNA portion, when introduced and expressed in a 
plant, gives plants having modified growth characteristics, which portion encodes a protein 
comprising: (i) a PPTALRE motif with no mismatches or with a mismatch at position 2 and/or 4 
from left to right; (ii) a catalytic kinase domain; (iii) a T-loop activation kinase domain (Magyar 
et a/.. 1997 (Plant Cell 9 (2), 223 - 235)). The portion may comprise many genes, with or 
without additional control elements or may contain spacer sequences. The portion may be 
made by making one or more deletions and/or truncations to the nucleic acid sequence of, for 
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example, any one of SEQ .D NO: 1, SEQ ID MO: 3 and SEQ ID NO: 5. Techniques for 
Introducing truncations and deletions into a nucleic acid are well known in the art. 

An example of a further variant B-type CDK nucleic acid is a sequence that is capable of 
hybridising to a B-type CDK. Advantageously, the methods according to the present invenbon 
L, also be practised using sequences capable of hybridising to a B-typa CDK, particularty a 
B-type CDK as represented by any one of SEQ ID NO: 1, SEQ ID NO: 3 and SEQ ID NO: 5, 
which hybridising sequences are those fatllng within the defMon o, a -B-type CDK", meaning 
that upon consttuction of a phylogenetic tree, such as the one depicted in F» 1. the 
hybridising sequence would be one that tends to cluster around the B-type CDKs rather than 
eny of the other CDK groups and/or which hybridising sequence encodes a protein compnsing: 
(i) a PPTALRE motif with no mismatches or with a mismatch at position 2 and/or 4 from left to 
right; (ii) a catalytic kinase domain; (ill) a T-loop activation kinase domain (Magyar ef a/., ig 9 7 
(Plant Cell g (2), 223 - 235)). 

The term -hybridisation- as defined herein is a process wherein substamially homologous 
complementary nucleotide sequences anneal to each other. The hybridised process can 
occur entirely in solution, i.e. both complementary nucleic acids are In solution Tools m 
molecular biology relying on such a process include the polymerase chain reaction (PGR; and 
all methods based thereon), subtracts hybridisaton, random primer extension, nuclease SI 
mapping, primer extension, reverse transcript. cDNA synthesis, differential display of RNAs, 
and DMA sequence determination. The hybridisaton process can also occur with one of the 
complemented nucleic acids immobilised to a matrix such as magnetic beads, Sepharose 
beads or any other resin. Tools in molecular biology relying on such a process .nclude he 
,5 isolation of prxy (A + ) mRNA. The hybridisatton process cen furthermore occur with one of the 
" complementary nucleic acids immobilised to a sotid support such as a nftm^Mosa or nyton 
membrane or immobilised by e.g. photolimography to e.g. a siliceous glass support (the latter 
known as nucleic add amays or miooarrays or as nucleic acid chips). Tools in molecular 
biology relying on such a process include RNA and DNA gel blot analysis, colony hybr,d,sa on. 
30 plaque hybridisation, in situ hybridisation and microarray hybridisation. In order to allow 
hybridisation to occur, the nucleic acid molecules are generally thermally or chem,cally 
denatured to melt a double strand into two single strands and/or to remove hairpins or other 
secondary structures from single attended nucieic eclds. The stringency of hybridisaton ,s 
influenced by condftions such as temperature, salt concentration and hybridisation buffer 
composition. High stringency conditions for hybridisation include high temperature and/or low 
salt concentration (salts include NaCI and Na 3 -citrate) and/or the inclusion of formamkje m the 
hybridisation buffer and/or lowering the concentration of compounds such as SDS (detergent) 
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in the hybridisation buffer and/or exclusion of compounds such as dextran sulphate or 
polyethylene glycol (promoting molecular crowding) from the hybridisation buffer. 
Conventional hybridisation conditions are described in, for example, Sambrook (2001) 
Molecular Cloning: a laboratory manual, 3rd Edition Cold Spring Harbor Laboratory Press, 
5 CSH, New York, but the skilled craftsman will appreciate that numerous different hybrid.sat.on 
conditions can be designed in function of the known or the expected homology and/or length of 
the nucleic acid sequence. Sufficiently low stringency hybridisation conditions are particularly 
preferred (at least in the first instance) to isolate nucleic acids heterologous to the DNA 
sequences of the invention defined supra. An example of low stringency conditions is 4-6x 
10 SSC / 0.1-0.5% w/v SDS at 37-45°C for 2-3 hours. Depending on the source and 
concentration of the nucleic acid involved in the hybridisation, alternative conditions of 
stringency may be employed, such as medium stringency conditions. Examples of medium 
stringency conditions include 1-4x SSC / 0.25% w/v SDS at a 45°C for 2-3 hours. An example 
• of high stringency conditions includes 0.1-1x SSC / 0.1% w/v SDS at 60X for 1-3 hours. The 
15 skilled man will be aware of various parameters which may be altered during hybridisafon and 
washing and which will either maintain or change the stringency conditions. The stnngency 
conditions may start low and be progressively increased until there is provided a hybridising re- 
type CDK nucleic acid, as defined hereinabove. Elements contributing to heterology include 
allelism, degeneration of the genetic code and differences in preferred codon usage. 

20 

Another example of a variant B-type CDK is an alternative splice variant of a B-type CDK. The 
methods according to the present invention may also be practised using an alternative spl.ce 
variant of a B-type CDK nucleic acid/gene. The term "alternative splice variant" as used here.n 
encompasses variants of a nucleic acid in which selected introns and/or exons have been 
25 excised, replaced or added. Such splice variants may be found in nature or can be manmade 
using techniques well known in the art. The splice variants useful in the methods according to 
the invention are "B-type CDKs", meaning that upon construction of a phylogenetic tree, such 
as the one depicted in Fig. 1, the splice variant of interest would be one tending to cluster 
around the B-type CDKs rather than around any of the other CDK groups and/or which spl.ce 
30 variant encodes a protein comprising: (i) a PPTALRE motif with no mismatches or with a 
mismatch at position 2 and/or 4 from left to right; (ii) a catalytic kinase domain; (i..) a T-loop 
activation kinase domain (Magyar ef a/., 1997(Plant Cell 9 (2), 223 - 235)). Preferably, the 
splice variant is a splice variant of the sequence represented by any of SEQ ID NO: 1, SEQ ID 
NO: 3 and SEQ ID NO: 5 

Another example of a variant B-type CDK is an allelic variant Advantageously, the methods 
according to the present invention may also be practised using allelic variants of a B-type CDK 
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nucleic acid, preferably an allelic variant of a sequence represented by any of SEQ ID NO: 1. 
SEQ ID NO: 3 and SEQ ID NO: 5. Allelic variants exist in nature and encompassed within the 
methods of the present invention is the use of these isolated natural alleles in the methods 
according to the invention. The allelic variants useful in the methods according to the invention 

5 are "B-type CDKs", meaning that upon construction of a phylogenetic tree, such as the one 
depicted in Fig. 1, the allelic variant of interest would tend to cluster around the B-type CDKs 
and/or which allelic variant encodes a protein comprising: (i) a PPTALRE motif with no 
mismatches or with a mismatch at position 2 and/or 4 from left to right; (ii) a catalytic kinase 
domain; (iii) a T-loop activation kinase domain (Magyar ef a/., 1997 (Plant Cell 9 (2), 223 - 

10 235)). 

Examples of variant B-type amino acids include homologues, derivatives and active fragments 
of a B-type CDK protein. Advantageously, the methods according to the present invention 
may also be practised using homologues, derivatives or active fragments of a B-type CDK, 
15 preferably using nucleic acids encoding homologues, derivatives or active fragments of a B- 
type CDK as represented by any one of SEQ ID NO: 2, SEQ ID NO: 4 and SEQ ID NO: 6. 

"Homologues" of a B-type CDK protein encompass peptides, oligopeptides, polypeptides, 
proteins and enzymes having amino acid substitutions, deletions and/or insertions relative to 

20 the unmodified protein in question and having similar biological and functional activity as the 
unmodified protein from which they are derived. To produce such homologues, amino acids of 
the protein may be replaced by other amino acids having similar properties (such as similar 
hydrophobic^, hydrophilicity, antigenicity, propensity to form or break a-helical structures or 0- 
sheet structures). Conservative substitution tables are well known in the art (see for example 

25 Creighton (1984) Proteins. W.H. Freeman and Company). The homologues useful in the 
methods according to the invention are preferably B-type CDKs, meaning that upon 
construction of a phylogenetic tree, such as the one depicted in Fig. 1, any homologous 
sequences of interest would tend to cluster around B-type CDKs rather than any other group of 
CDKs. Such B-type CDKs have in increasing order of preference at least 60% or 65% or 70% 

30 or 75% or 80% or 85% or 90% or 95%, 96%, 97%, 98%, 99% or more, sequence identity or 
similarity to that of the Ambidopsis thaliana CDK B1;1 (SEQ ID NO: 2) and which homologue 
comprises: (i) a PPTALRE motif with no mismatches or with a mismatch at position 2 and/or 4 
from left to right; (ii) a catalytic kinase domain; (iii) a T-loop activation kinase domain (Magyar 
ef a/., 1997 (Plant Cell 9 (2), 223 - 235)). 

35 

Whether a polypeptide has at least 60% identity to the Arabidopsis thaliana CDK B1;1 may 
readily be established by sequence alignment. Methods for the alignment of sequences for 
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comparison are well known in the art, such methods include GAP, BESTFIT, BLAST, FASTA 
and TFASTA. GAP uses the algorithm of Needleman and Wunsch 1970 (J. Mol. Biol. 48 (3), 
443 - 453) to find the alignment of two complete sequences that maximises the number of 
matches and minimises the number of gaps. The BLAST algorithm calculates percent 
5 sequence identity and performs a statistical analysis of the similarity between the two 
sequences. The software for performing BLAST analysis is publicly available through the 
National Centre for Biotechnology Information. A protein having at least 60% identity to the 
Arabidopsis thaliana CDK B1;1 may readily be identified by aligning a query sequence with 

known B-type CDK sequences (see Fig. 1 for example) using, for example, the VNTI AlignX 
10 multiple alignment program, based on a modified clustal W algorithm (InforMax, Bethesda, 

MD, http://www.informaxinc.com), with default settings for gap opening penalty of 10 and a gap 

extension of 0.05. 

Two special forms of homology: orthologs and paralogs, are evolutionary concepts used' to 
15 describe the ancestral relationships of genes. The term "paralogous" relates to gene- 
duplications within the genome of a species leading to paralogous genes. The term 
"orthologous" relates to homologous genes in different organisms due to ancestral relationsh.p. 
The term "homologues" as used herein also encompasses paralogues and orthologues of the 
proteins useful in the methods according to the invention. 

20 

Othologues in, for example, monocot plant species may easily be found by perform.ng a so- 
called reciprocal blast search. This may be done by a first blast involving blasting the 
sequence in question (for example, SEQ ID NO: 1 or SEQ ID NO: 2) against any sequence 
database, such as the publicly available NCBI database which may be found at: 
25 http //www.ncbi.nlm.nih.gov. If orthologues in rice were sought, the sequence in question 
would be blasted against, for example, the 28,469 full-length cDNA clones from Oryza sabva 
Nipponbare available at NCBI. BLASTn or tBLASTX may be used when starting from 
nucleotides or BLASTP or TBLASTN when starting from the protein, with standard default 
values. The blast results may be filtered. The full-length sequences of either the filtered 
30 results or the non-filtered results are then blasted back (second blast) against the sequences 
of the organism from which the sequence in question is derived. The results of the first and 
second blasts are then compared. An orthologue is found when the results of the second blast 
give as hits with the highest similarity a B-type CDK nucleic acid or protein, for example, if one 
of the organisms is Ambidopsis then a paralogue is found. In the case of large families, 
35 ClustalW may be used, followed by a neighbour joining tree, to help visualize the clustering. 
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-Substitutional variants" of a protein are those in which at least one residue in an amino acid 
sequence has been removed and a different residue inserted in its place. Amino acid 
substitutions are typically of single residues, but may be clustered depending upon funct«onal 
constraints placed upon the polypeptide; insertions will usually be of the order of about 1 to 10 

5 amino acid residues and deletions will range from about 1 to 20 residues. Preferably, am.no 
acid substitutions comprise conservative amino acid substitutions. Substitutional variants 
useful in the methods of the invention will be those comprising: (i) a PPTALRE motif with no 
mismatches or with a mismatch at position 2 and/or 4 from left to right; (ii) a catalytic kinase 
domain; and (Hi) a T-loop activation kinase domain (Magyar et a/., 1997 (Plant Cell 9 (2), 223 - 

10 235)). 

"Insertional variants" of a protein are those in which one or more amino acid residues are 
introduced into a predetermined site in a protein. Insertions can comprise amino-term.nal 
and/or carboxy-terminal fusions a* well as intra-sequence insertions of single or multiple am.no 
15 acids Generally, insertions within the amino acid sequence will be smaller than am.no- or 
carboxy-terminal fusions, of the order of about 1 to 10 residues. Examples of amino- or 
carboxy-terminal fusion proteins or peptides include the binding domain or activation doma.n of 
a transcriptional activator as used in the yeast two-hybrid system, phage coat prote.ns, 
(histidine)6-tag, glutathione S-transferase-tag, protein A, maltose-binding protein, dihydrofolate 
20 reductase, Tag-100 epitope, c-myc epitope, FLAG®-epitope, lacZ, CMP (calmodu.in-binding 
peptide), HA epitope, protein C epitope and VSV epitope. Insertions variants useful .n the 
methods of the invention will be those comprising: (i) a PPTALRE motif with no mismatches or 
with a mismatch at position 2 and/or 4 from left to right; (iii) a T-loop activation kinase doma.n 
(Magyar etal., 1997 (Plant Cell 9 (2), 223 - 235)). 

25 . 

"Deletion variants" of a protein are characterised by the removal of one or more am.no acds 
from the protein. Amino acid variants of a protein may readily be made using peptide synthetic 
techniques well known in the art, such as solid phase peptide synthesis and the like, or by 
recombinant DNA manipulations. Methods for the manipulation of DNA sequences to produce 

30 substitution, insertion or deletion variants of a protein are well known in the art. For example, 
techniques for making substitution mutations at predetermined sites in DNA are well known to 
those skilled in the art and include M13 mutagenesis, T7~Gen in vitro mutagenes.s (USB, 
Cleveland, OH), QuickChange Site Directed mutagenesis (Stratagene, San Diego, CA), PCR- 
mediated site-directed mutagenesis or other site-directed mutagenesis protocols. Deletional 

35 variants useful in the methods of the invention will be those comprising: (i) a PPTALRE motif 
with no mismatches or with a mismatch at position 2 and/or 4 from left to right; (ii) a catalytic 
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kinase domain; (Hi) a T-loop activation kinase domain (Magyar et al., 1997 (Plant Cell 9 (2), 
223 - 235)). 

Methods for the search and identification of B-type CDK homologues would be well within the 
5 realm of a person skilled in the art. Methods for the alignment of sequences for comparison 
are well known in the art. Such methods include GAP, BESTFIT, BLAST, FASTA and 
TFASTA. GAP uses the algorithm of Needleman and Wunsch 1970 (J. Mol. Biol. 48 (3), 443 - 
453) to find the alignment of two complete sequences that maximises the number of matches 
and minimises the number of gaps. The BLAST algorithm calculates percent sequence 
10 identity and performs a statistical analysis of the similarity between the two sequences. The 
software for performing BLAST analysis is publicly available through the National Centre for 
Biotechnology Information. 

The term "derivatives" refers to peptides, oligopeptides, polypeptides, proteins and enzymes 
15 which may comprise substitutions, deletions or additions of naturally and non-naturally 
occurring amino acid residues compared to the amino acid sequence of a naturally-occurring 
form of the protein, for example, as represented by any one of SEQ ID NO: 2, SEQ ID NO: 4 
and SEQ ID NO: 6. "Derivatives" of a B-type CDK protein encompass peptides, oligopeptides, 
polypeptides, proteins and enzymes which may comprise naturally occurring altered, 
20 glycosylated, acylated or non-naturally occurring amino acid residues compared to the amino 
acid sequence of a naturally-occurring form of the polypeptide. A derivative may also 
comprise one or more non-amino acid substituents compared to the amino acid sequence from 
which it is derived, for example a reporter molecule or other ligand, covalently or non- 
covalently bound to the amino acid sequence such as, for example, a reporter molecule which 
25 is bound to facilitate its detection, and non-naturally occurring amino acid residues relative to 
the amino acid sequence of a naturally-occurring protein. Derivatives useful in the methods of 
the invention will be those comprising: (i) a PPTALRE motif with no mismatches or with a 
mismatch at position 2 and/or 4 from left to right; (ii) a catalytic kinase domain; (Hi) a T-loop 
activation kinase domain (Magyar et al., 1997 (Plant Cell 9 (2), 223 - 235)). 



30 



-Active fragments" of a B-type CDK protein comprise: (i) a PPTALRE motif with no mismatches 
or with a mismatch at position 2 and/or 4 from left to right; (ii) a catalytic kinase domain; (Hi) a 
T-loop activation kinase domain (Magyar ef al., 1 997 (Plant Cell 9 (2), 223 - 235)). 

35 Further advantageously, the methods according to the present invention may also be practised 
using mutant plant CDKs, which mutant CDKs have at least a substantially similar, preferably 
enhanced, biological activity compared with corresponding wild-type CDK proteins. 
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The present invention further provides a hitherto unknown screening method for the 
identification of plant CDKs having enhanced CDK activity relative to corresponding non- 
mutated or wild-type CDKs. These plant-derived CDK mutants having enhanced CDK activity 
5 may be used in the methods according to the invention or may find uses in other areas. 

Therefore according to a second embodiment of the present invention, there is provided a 
screening method for the identification of mutant plant CDKs having substantially similar or 
enhanced CDK activity relative to corresponding non-mutated CDKs, which method comprises 

10 the steps of: 

(i) Providing plant-derived CDK mutants; 

(ii) Identifying ICK non-reacting mutants; 

(iii) Identifying mutants having cyclin-binding activity; and optionally followed by, 

(iv) A yeast complementation assay on resultant mutants from steps (ii) and (ii). 



15 



The substantially similar or enhanced CDK activity is in the presence of plant ICKs. 



The novel screening method may be preceded with steps for mutating wild-type CDKs, if 
necessary. These steps comprise: 
20 (a) Providing wild-type CDK amino acids; and 

(b) Mutating substantially each CDK amino acid at least at one amino acid position. 
A mutation may be introduced into the CDK using conventional techniques, such as error 
prone PCR. The mutation may be introduced randomly or by site directed mutagenesis. 

25 Although the method for the identification of CDK mutants has been exemplified with mutant 
CDK A-type proteins, the method is equally well suited to the identification of other mutant 
CDKs. 

Examples of particularly preferred mutants (mutants 1 to 3) obtainable by the above screening 
30 method according to the invention are listed in Table A below. The mutants are mutants of an 
A-type CDK, namely an A;1 CDK from rice (see SEQ ID NO: 8). These mutants may be of 
particular use in the methods for modifying the growth characteristics of plants using the novel 
methods as described hereinabove. 

35 Alternatively, a CDK having a mutation consisting of at least one of the seven amino acid 
changes identified in Table A may also be useful in the methods according to the invention. 
The suitability of such a mutant in me methods according to the invention may read.ly be 
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determined by passing the mutants through the novel screening method identified above so as 
to determine whether the mutant has substantially similar or enhanced CDK activity relative to 
corresponding non-mutated CDKs. 

5 Table A: Mutants that bind to cyclin, but not to ICKs 



10 



15 



20 



Mutant 


SEQ ID NO 


Mutation Pos 


ition 


1 


SEQ ID NO: 9 


Y4H 


V/9D 


A152T 


2 


SEQ ID NO: 10 


I30T 






3 


SEQ ID NO: 11 


E5V 


R122S 


K143E 



The mutants are denoted by a change in the appropriate amino acid residue. In the case of 
mutant 1, for example, at position 4, the Y is substituted for an H; at position 79, the V .s 
substituted for a D; and at position 152 the A is substituted for a T. Mutation positions are 
calculated from the first methionine of SEQ ID NO: 8. 

Therefore according to another embodiment of the present invention, there is provided a 
method for modifying the growth characteristics of plants, comprising modulating, preferably 
increasing, activity and/or levels of a CDK mutant comprising at least one of the seven am.no 
acid changes identified in Table A above. The mutated amino acid itself may be introduced 
directly into a plant cell or into the plant itself (including introduction into a tissue, organ or any 
other part of a plant). 

Also of interest are CDKs with no activity but that are still able to bind to CKI, therefore 
constituting CKI traps. This hitherto unknown method comprises the steps of: 

(i) Providing CDK mutants; 

(ii) Identifying ICK binding mutants; and 

(iii) Identifying non-cycl in-binding mutants. 



25 Each of steps (i) to (iii) is carried out in the aforementioned method. 

The novel screening method may be preceded with steps for mutating wild-type CDKs, if 
necessary. These steps comprise: 

(a) Providing wild-type CDK amino acids; and 
30 (b) Mutating substantially each CDK amino acid at least at one amino acid position. 

A mutation may be introduced into the CDK using conventional techniques, such as error 
prone PCR. The mutation may be introduced randomly or by site directed mutagenesis. 

15 



WO 2005/024029 



PCT7EP2004/052035 



Particularly suitable mutant CDKs obtainable by the abovementioned screening method are 
iisted in Table B below. The mutants are mutants of an A-type CDK. namely an A;1 CDK from 
Arabidopsis thaliana (see SEQ ID NO: 7 and SEQ ID NO: 8). 

Table B: Mutants that bind CKI but not cyclin 



Mutant 



SEQ ID NO 



SEQ ID NO: 12 



SEQ ID NO: 13 



Mutant Position 



G154R 



Q3P 



E38A 



R137L 



S182A 



I193T 



M267V 



R279Q 



Mutations positions are calculated from the first methionine of SEQ ID NO: 8. 

10 According to a third embodiment of the present invention, there is provided an isolated CDK 
nucleic acid mblecule comprising: 

(a) a nucleic acid encoding a CDK mutant represented by any one of SEQ ID NO: 9, SEQ 
ID NO" 10 SEQ ID NO: 11, SEQ ID NO: 12 and SEQ ID NO: 13; 

(b) a nucleic acid encoding a homologue, derivative or active fragment of a CDK mutant 
15 represented by any one of SEQ ID NO: 9, SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID 

NO- 12 and SEQ ID NO: 13, which homologue, derivative or active fragment 
comprises at least one of the seven amino acid position changes shown in Table A or 
at least one of the eight amino acid position changes shown in Table B; 

(c) a nucleic acid capable of hybridising with a nucleic acid of (a) or (b) above, wherein the 
20 hybridising sequence encodes a protein comprising at least one of the seven am.no 

acid position changes shown in Table A or at least one of the eight amino acid pos.t,on 
changes shown in Table B; 

(d) a nucleic acid of (a) to (c) above which is degenerate as a result of the genetic code; 

(e) allelic variants of the nucleic acids of (a) to (d), which allelic variant encodes a prote.n 
25 comprising at least one of the seven amino acid position changes shown in Table A or 

at least one of the eight amino acid position changes shown in Table B; and 

(f) alternative splice variants of the nucleic acids of (a) to (e). which alternative splice 
variants encode a protein comprising at least one of the seven amino acid pos.t.on 
changes shown In Table A or at least one of the eight amino acid position changes 

30 shown in Table B. 

According to a fourth embodiment of the present invention, there is provided a CDK mutant, 
comprising: 
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(a) an amino add represented by any one of SEQ ID NO: 9, SEQ ID NO: 10, SEQ ID NO: 
1 1 SEQ ID NO: 12 and SEQ ID NO: 13; and 

(b) a fragment of an amino acid of SEQ ID NO: 9, SEQ ID NO: 10, SEQ ID NO: 11, SEQ 
ID NO- 12 and SEQ ID NO: 13, which fragment comprises at least one of the seven 

5 amino acid position changes shown in Table A or at least one of the eight amino acid 

position changes shown in Table B. 

According to a fifth embodiment of the present invention, genetic constructs and vectors to 
facilitate introduction and/or expression of the nucleotide sequences useful in the methods 
10 according to the invention are provided. Therefore, according to a fifth embodiment of the 
present invention, there is provided a gene construct comprising: 
(i) a B-type CDK gene/nucleic acid; or 

(B) a nucleic acid encoding a CDK mutant, which CDK mutant comprises at least one of 
the seven amino acid position changes shown in Table A or at least one of the e,ght 
1 5 amino acid position changes shown in Table B; 

(iii) one or more control sequences capable of driving expression of the nucleic acid of (,) 

or (ii); and optionally 

(iv) a transcription termination sequence. 

20 Constructs useful in the methods according to the present invention may be constructed using 
recombinant DNA technology well known to persons skilled in the art. The gene constructs 
may be inserted into vectors, which may be commercially available, suitable for transforming 
into plants and suitable for expression of the gene of interest in the transformed cells. 

25 The nucleic acid encoding a CDK mutant may be any of the mutant-encoding nucleic acids 
described hereinbefore. 

The B-type CDK gene/nucleic acid may be isolated from a monocotyledonous or 
dicotyledonous species, preferably from the family Brassicaceae, further preferably from 

30 Arabidopsis thaliana. The nucleic acid is preferably a class 1 B-type CDK, such as a class 
B-type CDK selected from the examples of class 1 CDKs shown in Fig. 1 . namely, CDK B1 ;1 
from Arabidopsis thaliana, CDK B1;2 from Arabidopsis thaliana, CDKB1;1 from Lycooersioon 
esculentum (tomato), CDK B1;1 from Antirrhinum majus, CDK B1;1 from MeoVcago sat,va 
(alfalfa) and CDK B1 from Dunaliella tertiolecta. Further preferably the class 1 B-type CDK is a 

35 CDK B1;1 from Arabidopsis thaliana or a CDK B1;2 from Arabidopsis thaliana. Alternatively, 
the nucleic acid is preferably a class 2 B-type CDK, such as a dass 2 B-type CDK selected 
from the examples shown in Fig 1 , namely, a CDK B2; 1 from Arabidopsis thal.ana, a CDK B2.2 
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from Ambidopsis thaliana, a CDK B2;1 from Antirrhinum majus, a CDK B2;1 from 
Mesembryanthemum crassifolium, a CDK B2;1 from Medicago sativa, a CDK B2;1 from 
Lycopersicon esculentum and a CDK B 1 from Oryza sativa. Further preferably the class 2 B- 
type CDK is a CDK B2;2 from Arabidopsis thaliana. 

Most preferably the CDK B1 ;1 nucleic acid is as represented by SEQ ID NO: 1 or by a portion 
thereof, or by a nucleic acid sequence capable of hybridising therewith, and wherein the CDK 
B1 ;1 protein is as represented by SEQ ID NO: 2, or a homologue, derivative or active fragment 
thereof. Most preferably the CDK B1 ;2 nucleic acid is as represented by SEQ ID NO: 3 or by a 
portion thereof, or by a nucleic acid sequence capable of hybridising therewith, and where.n 
the CDK B1;2 protein is as represented by SEQ ID NO: 4, or a homologue, derivative or acbve 
fragment thereof. Most preferably the CDK B2;2 nucleic acid is as represented by SEQ ID NO: 
5 or by a portion thereof, or by a nucleic acid sequence capable of hybridising therewrth, and 
wherein the CDK B2;2 protein is as represented by SEQ ID NO: 6, or a homologue, derivative 
15 or active fragment thereof. Each of the CDK B1;1, CDKB1.2 and CDK B2;2 nucleic 
acids/proteins also encompass the variant nucleic acids and amino acids as described 
hereinbefore. 

Plants are then transformed with a construct or vector comprising the sequence of interest 
20 (i e., a B-type CDK nucleic acid encoding a B-type CDK protein or a nucleic acid encoding a 
CDK mutant), which sequence is operably linked to one or more control sequences (at least a 
promoter). 

The terms "regulatory element", "control sequence" and "promoter are all used 
25 interchangeably herein and are taken to refer to regulatory nucleic acid sequences capable of 
effecting expression of the sequences to which they are ligated. Encompassed by the 
aforementioned terms are transcriptional regulatory sequences derived from a class.cal 
eukaryotic genomic gene (including the TATA box which is required for accurate transcription 
initiation with or without a CCAAT box sequence) and additional regulatory elements (..e. 
30 upstream activating sequences, enhancers and silencers) which alter gene expression in 
response to developmental and/or external stimuli, or in a tissue-specific manner. Also 
included within the term is a transcriptional regulatory sequence of a classical prokaryotic 
gene, in which case it may include a -45 box sequence and/or -10 box transcriptional 
regulatory sequences. The term "regulatory element" also encompasses a synthetic fusion 
molecule or derivative which confers, activates or enhances expression of a nucleic acid 
molecule in a cell, tissue or organ. The terms "control sequence", "regulatory sequence", 
"regulatory element" and "promoter" are used interchangeably herein. The term "operably 
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linked" as used herein refers to a functional linkage between the promoter sequence and the 
gene of interest, such that the promoter sequence is able to initiate transcription of the gene of 
interest. 

Advantageously, the B-type CDK nucleic acid may be operably linked to any promoter. 

Preferably in the case of a CDK B1;1, expression is driven by a promoter active ,n young. 

expanding tissue, such as young leaves, flowers, stems and roots. Such a "young expandmg 

tissue-preferred promoter" as defined herein refers to a promoter that is expressed 
predominantly in young expanding tissue, but not necessarily exclusively in such tissue^ 
Preferably, the "young expanding tissue-preferred promoter" is the beta-expansm EXPB8 
promoter from rice. Other suitable promoters include any expansin promoter, pLEAFY and 
others Preferably in the case of a CDK B1;2 and CDK B2;2 expression is driven .n a 
constitutive manner, most preferably wherein the constitutive promoter is a GOS2 promoter. A 
constitutive promoter is transcriptionally active during most, but not necessarily all, phases of 
its growth and development. Examples of constitutive plant promoters are given in Table C as 
shown below. The promoters shown in Table C below may advantageously be used to 
practise the methods according to the invention. 

Table C: Examples of Constitutive Promoters 



Gene Source 


Expression Pattern 


Reference 


Actin 


Constitutive 


McElroyef a/., Plant Cell, 2: 163-171, 1990 


CAMV 35S 


Constitutive 


Odell ef a/., Nature, 313: 810-812, 1985 


CaMV 19S 


Constitutive 


Nilsson ef a/., Physiol. Plant 100:456-462, 
1997 


GOS2 


Constitutive 


de Pater ef a/., Plant J Nov;2(6):837-44, 1992 


Ubiquitin i 


Constitutive 


Christensen ef a/., Plant Mol. Biol. 18: b/s- 
689, 1992 


Rice cyclophilin 


Constitutive 


Buchholz ef a/., Plant Mol Biol. 25(5): 837-43, 
1994 


Maize H3 histone 


Constitutive 


Lepetit ef a/., Mol. Gen. Genet. 231:276-265, 
1992 


Actin 2 


Constitutive 


' An ef a/., Plant J. 10(1); 107-121, isae J 



20 



inducible promoters are promoters that have induced or increased transcription initiation ,n 
response to a developmental, chemical, environmental or physical stimulus. For example 
stress-inducible promoters are activated when a plant is exposed to various stress cond.t.ons. 

j-inducible promoters, which are also suitable to practise the methods 
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according to the invention, are given in Table D as shown below. Such promoters may also be 
useful in practising the methods of the invention since modified growth (such as increased 
growth) induced in times of stress may have many advantages. 



5 Table D: Examples of Stress-lnducible Promoters 



Name 



P5CS (delta(l)-pyrroline- 
5-carboxylate syntase) 



cor15a 



cor15b 



cor15a(-305to+78nt) 



Stress 



Salt, water 



Cold 



Cold 



rd29 



Heat shock proteins, 
including artificial 
promoters containing the 
heat shock element (HSE) 



Cold, drought 

Salt, drought, 
cold 



Heat 



Reference 



Zhang ef a/.; Plant Science. Oct 28 1997; 
129(1): 81-89 



Hajela etal., Plant Physiol. 93: 1246-1 252 
(1990) 



Wlihelm era/., Plant 
23(5): 1073-7 



Mol Biol. 1993 Dec; 



Baker et al., Plant Mol Biol. 1994 Mar; 24(5): 

701-13 

Kasuga ef a/., Nature Biotechnology, vol i», 

287-291, 1999 



smHSP (small heat shock 
proteins) 



wcs120 



ci7 
Adh 



pwsi18 



ci21A 



Trg-31 



Osmotin 



Heat 



Cold 



Cold 

Cold, drought, 
hypoxia 



Barros era/., Plant Mol Biol, 19(4): 665-75, 

1992. Marrs etal., Dev Genet.,14(1): 27-41, 

1993. Schoffl ef a/., Mol Gen Gent, 217(2-3): 

246-53, 1989. 

Waters etal., J Experimental Botany, vol 47, 
296, 325-338, 1996 



Ouellet etal., FEBS Lett. 423, 3^4-328 
(1998) 



Water: salt 
and drought 



Cold 



Drought 



Osmotic 



Kirch etal., Plant Mol Biol, 33(5): 897-909, 
1997 Mar 

Dolferus et al., Plant Physiol, 105(4): 1075- 
87, 1994 Aug 



Joshee et al., Plant Cell Physiol, 39(1 ): 64-72, 
1998, Jan 



Schneider era/., Plant Physiol, 1 13(2): 335- 
45, 1997 



Chaudhary etal., Plant Mol Biol, 30(6): 1247- 



57, 1996 



Raghothama etal., Plant Mol Biol, 23(6): 
1117-28, 1993 
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LapA 



Wounding, 
environmental 



WO99/03977 University of Califomia/INRA 



The promoters listed in Tables C end D are provided ibr the purpoaee of exempliflcatron orfy 
and the present invention Is not to be limited by the list provided therein. Those skilled ,n me 
art will readily be in a position to provide additional promoters that are useful in performing the 
5 present Invention. The promoters listed may also be modified to provide specficrty of 
expression as required. 

Opfionally, one or more terminator sequences may also be used in the construct introduced 
into a plant The term •terminator- encompasses a conlrol sequence wh,ch . a DMA 
10 sequence at the end of a transitional unit which signals 3' processing and potyadenyiabon 
* of a primary transcript and termination of transcription. Addifional regulatory Cements may 
indude franscriptlona! aa well as translate, enhancer, Those skilled in the artv.ll be aware 
of terminator and enhancer sequences which may be sufiable for use in performing fine 
invenfion. Such saquencas would be known or may readily be obtained by a person stalled m 
15 the art. 

The genetic consbucts of the invention may further include an origin of replication sequence 
which ie required for maintenance and/or replication in a specific cell Wpe. One example ,s 
when e genetic constnrct is required to be maintained in a bacterial cell as an episoma genebc 
20 element (e.g. plasmld or cosmid molecule). Preferred origins of replication include, but are not 
limited to, the f1-ori and colE1. 

The genetic construct may optionally comprise a selectable marker gene. As used herein fire 
term -selecteble marker gene" includes any gene which confers a phenotype on a eel, ,n whrch 
25 it is expressed to facilitate the idenfification and/or selection of cells which are transacted or 
~~ transformed with a nucleic acid consbuct of the invention. Suitable markers may be selected 
from merkers that »nter antibiotic or herbicide resistance. Cells containing the recombrnan 
DNA will thus be able to survive in the presence of antibiotic or herbicide concentrates t* 
lull untransformed cells. Examples of selecteble marker genes include the bar gene which 
30 provides resistance to the herbicide Baste; the npt gene which confers resistance to the 
antibiofic kanamycin; fine hp, gene which infers hygromycin resistance Visual 
es the Green Fluorescent Protein (GFP, Heseloff ef a/., 1997 (Proc Natl Acad Sc. U S A. 94 
(61 2122 - 2127 ) glucuronidase (GUS) or luciferase may also be used as selectable 
markers Further examples of suitable selectable marker genes include the emp»ll.n 
35 resistance (Ampr), tetracaine resistance gene (Tor), bacterial kanamycin resistance gene 
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(Kanr), phosphinothricin resistance gene, neomycin phosphotransferase gene (nptll), 
hygromycin resistance gene, gene, and the chloramphenicol acetyltransferase (CAT) gene, 
amongst others. 

The present invention also encompasses plants obtainable by the methods according to the 
present invention. The present invention therefore provides plants obtainable by the methods 
according to the present invention, which plants have improved growth characteristics selected 
from one or more of increased yield, increased growth rate and modified architecture and 
which plants have increased expression and/or activity and/or levels of a B-type CDK. . 

The present invention also provides plants having improved growth characteristics selected 
from one or more of increased yield, increased growth rate and modified architecture, which 
plants have increased expression and/or levels and/or activity of a B-type CDK. 

15 According to a sixth embodiment of the present invention, there is provided a method for the 
production of transgenic plants having improved growth characteristics selected from one or 
more of increased yield, increased growth rate and modified architecture, comprising 
introduction and expression in a plant of a nucleic acid molecule of the invention. 

More specifically, the present invention provides a method for the production of transgenic 
plants having modified growth characteristics, which method comprises: 

(i) introducing and expressing in a plant or a plant cell a B-type CDK gene/nucleic acid; or 

(ii) a nucleic acid encoding a CDK mutant, which CDK mutant comprises at least one of 
the seven amino acid position changes shown in Table A; 

(iii) cultivating the plant cell under conditions promoting regeneration and mature plant 
growth. 

The nucleic acid itself may be introduced directly into a plant cell or into the plant itself 
(including introduction into a tissue, organ or any other part of the plant). According to a 
preferred feature of the present invention, the nucleic acid is preferably introduced into a plant 
by transformation. 

The nucleic acid encoding a CDK mutant may be any of the mutant-encoding nucleic acids 
described hereinbefore. 

The B-type CDK nucleic acid/gene is preferably a class 1 B-type CDK, such as a class 1 B- 
type CDK selected from the examples of class 1 CDKs shown in Fig. 1, namely, CDK B1;1 
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from Arabidopsls thaliana, CDK B1;2 from Arabidopsis thaliana, CDKB1;1 from Lycopersicon 
esculentum (tomato), CDK B1;1 from Antirrhinum majus, CDK B1;1 from Medicago sativa 
(alfalfa) and CDK B1 from Dunaliella tertiolecta. Further preferably the class 1 B-type CDK is a 
CDK B1;1 from Arabidopsis thaliana or a CDK B1;2 from Arabidopsis thaliana. Alternatively 

5 and preferably, the nucleic acid is a class 2 B-type CDK, such as a class 2 B-type CDK 
selected from the examples shown in Fig 1, namely, a CDK B2;1 from Arabidopsis thaliana, a 
CDK B2;2 from Arabidopsis thaliana, a CDK B2;1 from Antirrhinum majus, a CDK B2;1 from 
Mesembryanthemum crassifolium, a CDK B2;1 from Medicago sativa, a CDK B2;1 from 
Lycopers/con esculentum and a CDK B 1 from Oryza sativa. Further preferably the class 2 B- 

1 0 type CDK is a CDK B2;2 from Arabidopsis thaliana. 

Most preferably the CDK B1;1 nucleic acid is as represented by SEQ ID NO: 1 or by a portion 
thereof, or by a nucleic acid sequence capable of hybridising therewith, and wherein the CDK 
B1;1 protein is as represented by SEQ ID NO: 2, or a homologue, derivative or active fragment 

15 thereof. Most preferably the CDK B1 ;2 nucleic acid is as represented by SEQ ID NO: 3 or by a 
portion thereof, or by a nucleic acid sequence capable of hybridising therewith, and wherein 
the CDK B1;2 protein is as represented by SEQ ID NO: 4, or a homologue, derivative or active 
fragment thereof. Most preferably the CDK B2;2 nucleic acid is as represented by SEQ ID NO: 
5 or by a portion thereof, or by a nucleic acid sequence capable of hybridising therewith, and 

20 wherein the CDK B2;2 protein is as represented by SEQ ID NO: 6, or a homologue, derivative 
or active fragment thereof. Each of the CDK B1;1. CDKB1;2 and CDK B2;2 nucleic 
acids/proteins also encompass the variant nucleic acids and amino acids as described 
hereinbefore. 

25 The term "transformation" as referred to herein encompasses the transfer of an exogenous 
polynucleotide into a host cell, irrespective of the method used for transfer. Plant tissue 
capable of subsequent clonal propagation, whether by organogenesis or embryogenesis, may 
be transformed with a genetic construct of the present invention and a whole plant regenerated 
therefrom. The particular tissue chosen will vary depending on the clonal propagation systems 
30 available for, and best suited to, the particular species being transformed. Exemplary tissue 
targets include leaf disks, pollen, embryos, cotyledons, hypocotyls, megagametophytes, callus 
tissue, existing meristematic tissue (e.g., apical meristem, axillary buds, and root meristems), 
and induced meristem tissue (e.g., cotyledon meristem and hypocotyl meristem). The 
polynucleotide may be transiently or stably introduced into a host cell and may be maintained 
35 non-integrated, for example, as a plasmid. Alternatively, it may be integrated into the host 
genome. The resulting transformed plant cell can then be used to regenerate a transformed 
plant in a manner known to persons skilled in the art. 
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Transformation of a plant species is now a fairly routine technique. Advantageously, any of 
several transformation methods may be used to introduce the gene of interest into a surtable 
ancestor cell. Transformation methods include the use of liposomes, electroporation, 
5 chemicals that increase free DNA uptake, injection of the DIM A directly into the plant, part.de 
gun bombardment, transformation using viruses or pollen and microprojection. Methods may 
be selected from the calcium/polyethylene glycol method for protoplasts (Krens, F.A. et al., 
1982 Nature 296, 72-74; Negrutiu I. er a/., June 1987, Plant Mol. Biol. 8, 363-373); 
electroporation of protoplasts (Shillito R.D. et al., 1985 BioHechnol 3, 1099-1102) 
10 microinjection into plant material (Crossway A. et al., 1986, Mol. Gen Genet 202, 179-185): 
DNA or RNA-coated particle bombardment (Klein T.M. et al., 1987, Nature 327, 70) infection 
with (non-integrative) viruses and the like. Transgenic rice plants expressing a B-type CDK 
gene are preferably produced via ^bacfenum-mediated transformation using any of the well 
known methods for rice transformation, such as described in any of the following: pubhshed 
15 European patent application EP 1198985 A1, Aldemita and Hodges (Planta, 199, 612-617, 
1996); Chan et al. (Plant Mol. Biol. 22 (3) 491-506, 1993), Hiei et al. (Plant J. 6 (2) 271-282, 
1994) which disclosures are incorporated by reference herein as if fully set forth. In the case 
of com transformation, the preferred method is as described in either Ishida et al. (Nat. 
Biotechnol. 1996 Jun; 14(6): 745-50) or Frame et al. (Plant Physiol. 2002 May; 129(1): 13-22), 
20 which disclosures are incorporated by reference herein as if fully setforth. 

Generally after transformation, plant cells or cell groupings are selected for the presence of 
one or more markers which are encoded by plant-expressible genes co-transferred wrth the 
gene of interest, following which the transformed material is regenerated into a whole plant 

25 

Following DNA transfer and regeneration, putatively transformed plants may be evaluated, for 
instance using Southern analysis, for the presence of the gene of interest, copy number and/or 
genomic organisation. Alternatively or additionally, expression levels of the newly introduced 
DNA may be monitored using Northern and/or Western analysis, both techniques being well 
30 known to persons having ordinary skill in the art. 

The generated transformed plants may be propagated by a variety of means, such as by clonal 
propagation or classical breeding techniques. For example, a first generation (or T1) 
transformed plant may be selfed to give homozygous second generation (or T2) transformants, 
35 and the T2 plants further propagated through classical breeding techniques. 
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The generated transformed organisms may take a variety of forms. For example, they may be 
chimeras of transformed cells and non-transformed cells; clonal transformants (e.g.. all cells 
transformed to contain the expression cassette); grafts of transformed and untransformed 
tissues (e.g. ( in plants, a transformed rootstock grafted to an untransformed scion). 

The present invention clearly extends to any plant cell or plant produced by any of the methods 
described herein, and to all plant parts and propagules thereof. The present invention extends 
further to encompass the progeny of a primary transformed or transfected cell, tissue, organ or 
whole plant that has been produced by any of the aforementioned methods, the only 
requirement being that progeny exhibit the same genotypic and/or phenotypic characteristic(s) 
as those produced in the parent by the methods according to the invention. The invention also 
includes host cells containing an isolated nucleic acid molecule encoding a protein capable of 
modulating a B-type CDK protein, preferably wherein the protein is a B-type CDK protein. 
Preferred host cells according to the invention are plant cells. The invention also extends to 
15 harvestable parts of a plant, such as but not limited to, seeds, leaves, fruits, flowers, stem 
cultures, rhizomes, tubers and bulbs. 

The term "plant" as used herein encompasses whole plants, ancestors and progeny of the 
plants and plant parts, including seeds, shoots, stems, roots (including tubers), and plant cells, 
20 tissues and organs. The term "plant" also therefore encompasses suspension cultures, 
embryos, meristematic regions, callus tissue, leaves, gametophytes. sporophytes. pollen, and 
microspores. Plants that are particularly useful in the methods of the invention include algae, 
ferns, and all plants which belong to the superfamily Viridiplantae, in particular 
monocotyledonous and dicotyledonous plants, including a fodder or forage legumes, 
25 ornamental plants, food crops, trees, or shrubs selected from the list comprising Abelmoschus 
spp., Acer spp., Actinidia spp., Agropyron spp., Allium spp., Amaranthus spp., Ananas 
comosus, Annona spp., Apium graveolens, Arabidopsis thaliana, Arachis spp, Artocarpus spp.. 
Asparagus officinalis, Avena sativa, Averrhoa carambola, Benincasa hispida, Berthollet,a 
excelsea, Beta vulgaris, Brassica spp., Cadaba farinose, Camellia sinensis, Canna indica, 
30 Capsicum spp., Carica papaya, Carissa macrocarpa, Carthamus tinctorius, Carya spp., 
Castanea spp., Cichorium endivia, Cinnamomum spp., Citrullus lanatus, Citrus spp., Cocos 
spp., Coffee spp., Co/a spp., Colocasia esculenta, Corylus spp., Crataegus spp., Cucumis 
spp.', Cucurbita spp., Cynara spp., Daucus carota, Desmodium spp., Dimocarpus longan, 
Dioscorea spp.. Diospyros spp., Echinochloa spp., Eleusine coracana, Eriobotrya japonica, 
35 Eugenia unfflora, Fagopyrum spp., Fagus spp., Ficus carica, Fortunella spp., Fragaria spp., 
Ginkgo biloba, Glycine spp., Gossypium hirsutum, Helianthus spp., Hibiscus spp., Hordeum 
spp., ipomoea batatas, Juglans spp., Lactuca sativa, Lathyrus spp., Lemna spp., Lens 
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Claris. Linun, uMMtam IH ah/nens/s, La»a acutangu/a, U*™s spp.. 

Macrerytoma spp., Ma/p/ghfe emanate. Mafcs spp.. Atonmea amerfaana, Mans^^ 
.MM spp.. Ma*ara zapofa. Metfaage safiva, Ma«ua spp., Menfha spp., Memory 
spp.. JZ*n. — ~aspp.. aaaspp., Opunffaspp., 0«sspp.^a 
spp Paa/cum n*aeum. Paas/K-ra aa*. Pastfaaca sa«va, Persea spp.. 
Zum, PhaseCas spp.. Pheen* spp., Pbysafc spp., P/naa spp., Pfctocfc vera, P^n spp 
Poa sp ., Popufcs spp., Prosap/s spp.. Bunas spp., Ps* m spp.. Pamoa g~. Pyn* 
commL, Qa-as spp., Kaphanas saffvas. Phearn rhaharharurn. «. s P P„ Ra^s spp 
Sharon, spp., Sambacas spp.. Seaa/e aereate, Sesamum spp., Sa/anaa, W ^ 
bfcoiPr, Spinacfa spp., Syzyg/am spp., Tamartauaa M» ™— ~ * ~ 
Mteoseoaie nrnpaa/, IMta- spp.. Vacc/a/am spp.. Vfc/a spp., V/gna app., V*s spp., 
mays, Zizania palustris, Ziziphus spp., amongst others. 

According to a preferred feature of the present invention, the giant is a crop plant such as 
SI sunfilr, canoia, aifaifa, rapasaed or cotton. Further preterabiy, the ptent 
according to the present invention is a monocotyledonous plant, such as sugarcane. Most 
preferably, the plant is a cereal, such as rice, maize, wheat, sorghum, millet or barley. 

Advantageously, performance of the methods according to the present invention results in 
£L having a vartety of modified grow* characteristics, such modfled growm character^ 
inching, increased y«, increased growth rate and modified archflecture, each relate* to 
corresponding wild type plants. 

The term -increased yield" as defined herein encompasses an increase in biomass (weight)* 
5 one or more parts of a plant, particular* aboveground (harvestebie, parts, increased root 
btomass or increased bfcmass of any other harvestebie part, relatrve to tee b,omasa of the 
corresponding parts cf corresponding w.d-type piants. The term also encompasses .an 
increaL ,n seed yield, which incudes an increase in the biomass of 
and which may be an increase in the seed weigh, per plant or on an ,ndrv,dua. seed bas^ 
„ and/or an increase in the number of pad) seeds and/or in the sfce o, the seeds and/or an 
ncrease in seed voiume, each reiafive to corresponding wild-type piants. An mcrease ,n seed 
sfee and/or volume may also influence the composition of seeds. An increase ,n se^ y dd 
could be due to an increase In the number and/or sfce of fiowers. An increase ,n yteld m,ght 
a ,so increase the harvest index, which is expressed as a ratio of the tote, <— 
M yteid of harvestable parts, such as seeds. An in«ease in yWd may also mcrease he .housed 
Lei weight (TKW) which is exfrapoiated from the total weigh, of me number of filled seeds. 
An increase in TKW mey result from an increased seed size and/or seed waght 
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Taking corn as an axample, a yiald incnsaee may ba manifested as ona or mora of the 
following: increase in the numbar of plants par hactara or acna, an inoraasa in tha number of 
ea* par plant, an inoraasa in tha numbar of rows, numbar of kernels par row, kernel weight, 
5 thousand kemal waight, aar tength/diameter, among othars. Taking rioa as an example, a 
yiald inoraasa may ba manifested by an inoraasa in ona or mora of tha follows numbar o, 
plants par hectare or aore, numbar of panidas par plant, numbar of apikalats par pan.* 
numbar of flowers par panicle, inoraasa In tha sead filling rata, inoraasa in thousand Kama, 
waight, among othars. An inoraasa in yiald may also rasult in modified architecture, or may 
10 occur as a result of modified architecture. 

Accenting to a preferred feature of the present invention, performance of the methods of the 
invention result in plants having modified yield. Preferably, the modified yield .ndudes at M 
ona of. an incnaase in ansa, an inonsaae in tha number of panfcles, an increase ,n he,ght, an 

18 increase in the number of seeds, an increase in the numbar of filled seeds, an increase ,n the 
total weight of seeds, an increase in thousand kernel weight (TKW) and an increase ,n harvest 
Max, each relative to control plants. Therefore, according to the pmsent Invention, tare , . 
provided a method for increasing yiald of plants, which method comprises moduatrng 
expression In a plant of a B-typa CDK and/or modulating activHy and/or levels plant of a B- 

20 type CDK protein. 

Since the fransgenio plants aocording to tha present invention have increased yield. It is 
apparent that these plants exhibit an increased growth rate (during at least part of tar Ida 
cycle,, relative to the growth rate of oonasponding wild type plants. Tha incrcased growth rate 
25 may ba specific to ona or mora parts of a plant (including seeds), or thmughout the whole 
plant A plant having Incased growth rate may even exhibit earty flowering. Tha increase ,n 
growth rate may take place a. one or mora stages in the fife eyde of a plant or dunng 
substantially the whole plant life cycle. Increased growth rate dunng tha eady stages ,n the rfe 
cycle of a plant may reflect enhanced vigour. The increase in growth rate may alter the 
30 harvest time of a plant alfewing plants to be harvested sooner tan would ~° b * 
possible If the growth rote ia sufficiently increased, It may allow for the sowing of further 
seeds of ta same plant species (for example sowing and harvesting of rtca plants followed by 
sowing and harvesting of further rice plants all within ona conventional growing penod) or of 
different plants species (for example ta sowing and harvesting of rice plants followed by for 
35 axample, ta sowing and opttona. harvasflng o, soy bean, potatoes or any other sutebla plant, 
thereby increasing ta annua, biomass production per acre (due to an increase ,n the number 
of times (aay in a year) tat any particular plant may ba grown and harvested). An .norease 
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grow* rate may a!ao allow for the oration of transgenic plants in a wrier geography, area 
L their wiKHype oountarparts. sin« the territorial HmKatione for growing a «^ «*» 
determined by adverae environmental oonditions either atthe time of planang (early season) or 
^TL of harvesUng (late sea^n). Such adverse condrions may be avoided a the harvest 
. tX * ahortened. The faatermte of grow* may be determined by denving ««. 
Lmetera from growth ourves derived from growth experiment* euch parameters may be T- 
Zt «™ tel for plante to mach 50% o, thalr mexime, efce, and T-g0 (bma taKan for 
plants to reach go% of their maximal size). 

10 According to a preferred feature of the present invention, performance of the methoda of the 
— res,, in plant, having modfled gmwth rate. Therefore, according to me pre** 
„ven«on there is provided e method for increasing the growth rate o, plants, which method 
invention, mere v fjc a n-tvoe CDK and/or modulating activity and/or 

comprises modulating expression in a plant of a o type our\ a 

Je in a plan, of a B-type CDK protein. An incase in growth rate . demonstrated n «. 
15 elpl by ,he reduced time te k en for bansgenic plants ,o reach maturity man control plants. 

An increase in yield also ancompaasas a better performance of the plant under non-stress 
InZTas we,, as under sbass conditfcns — te wiid-typo plants P,ante M 
respond to exposure to suass by growing more slowly. However, aince the ^emo plante 
20 aJording to the present invasion have increased yield and incmased growth rate, it . 
ZZ that -agonic plante will eiso grow faster during 
ooLponding wild type plants also exposed to the aame atresa condemns. The s*ess 
"Zns w. typical* be me everyday bioUc and/or abiotic (environmental) stresses to whtoh 
rptTmay * exposed. Typical abioUc or environmental abysses includa temperatore 
2S Leases caused by atypice, ho, or coidrfreezing temperatorea; salt stress; water less 
IghtorexcossLer,. Abiotic stresses may also be caused by chemical, Biot«ebeeees 
as typically those sttesaea caused by pathogena, such as bacteria, viruses, fung, and ineecte. 

■Modified arohitectum- as defined herein indudea any a change in the appearance of any one 
TL of are leaves, shoote, stems, Biers, inflorescenc* (for monotonous end 
dteotyledonoue plante), penictoa. pollen, ovule, seed, embryo, endosperm, seed coa, and 
aleurone. 

According to a preferred feature of the presen, invention, performance of the methoda 
35 a^rdin to the preaent invention resuK in plants having modfled archHecture. The modrfied 
M ZJL. ,s mandated by at leas, one of: an increase in aboveground area, an ,n^ ,n 
the number of panidea and an increase in height Therefore, according to the present 
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invention, there is provided a method for modifying the architecture of plants, comprising 
modulating expression in a plant of a B-type CDK nucleic acid/gene and/or modulating activrty 
and/or levels in a plant of a B-type CDK protein. 

The methods according to the present invention result in plants having modified growth 
characteristics, as described hereinbefore. These advantageous growth charactenst.es may 
be combined with other economically advantageous traits, such as further yield-enhancmg 
traits, tolerance to various stresses, traits modifying various architectural features and/or 
biochemical and/or physiological features. 

According to a further embodiment of the present invention, the use of a B-type CDK is 
provided. For example. B-ty P e CDKs may be used in breeding programmes. The nucle.c acd 
sequence may be on a chromosome, or a part thereof, comprising at least the nucleic acd 
sequence encoding the B-type CDK protein and preferably a.so one or more re.ated tan* 
members. In an example of such a breeding programme, a DNA marker is identified wh.ch 
may be genetically linked to a gene capable of modulating expression of a nucle.c acd 
encoding a B-type CDK protein in a plant, which gene may be a gene encoding the B-type 
CDK protein itself or any other gene capable of directly or indirectly influencing express.cn of a 
B-type CDK gene and/or activity and/or levels of a B-ty P e CDK protein. This DNA marker may 
then used in breeding programs to select plants having altered growth charactenst.es. 

Allelic variants of B-type CDKs may be used in particular conventional breeding programmes, 
such as in marker-assisted breeding. Such breeding programmes sometimes requ.ro the 
introduction of allelic variations in the plants by mutagenic treatment of a plant. One su.table 
i mutagenic method is EMS mutagenesis. Identification of allelic variants then takes place by. 
for example. PCR. This is followed by a selection step for selection of superior allelic variants 
of the sequence in question and which give rise to altered growth characteristics of a plant. 
Selection is typically carried out by monitoring growth performance of plants contam.ng 
different allelic variants of the sequence in question, for example, different allelic variants of 
SEQ ID NO: 1. Monitoring growth performance can be done in a greenhouse or .n the field. 
Further optional steps include crossing plants, in which the superior allelic variant was 
identified, with another plant. This could be used, for examp.e. to make a combination of 
interesting phenotypic features. Allelic variants also encompass Single Nucleotide 
Polymorphisms (SNPs). as well as Small Insertion/Deletion Polymorphisms (INDELs). The 
size of INDELs is usually less than 100 bp). SNPs and INDELs form the largest set of 
sequence variants in naturally occurring polymorphic strains of most organisms. 
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The present invention also relates to use of a B-type CDK nucleio acid/gene and to use of a B- 
tvpe CDK protein in modifying the growth characteristics of plants, preferably in modifying one 
or more of the following characteristics: increasing the area of a plant, increasing the number 
of flrst panicles, increasing plant height, Increasing the number of seeds, increasing the 
5 number of filed seeds, increasing the total weight of seeds, increasing the growth rate, 
increasing the harvest index and increasing the thousand kernel we.ght CTKW). 

The B-type CDK nucleic acid may be isolated from a monocotyledonous or dicotyledonous 
species, preferably from the family Brasa/caceae, further preferably from Anopsia Mm 
10 The nucleic acid * preferably a Cass 1 B-type CDK, such as a dass 1 1 B-type CDK sdected 
from tt» examples of Cass 1 CDKs shown in Fig. 1. namely, CDK B1;1 from Arab-dops* 
thaliana. CDK B1;2 from Arabidopsis thaliana. CDKBW from Lycoperefcon e^/entom 
tomato) CDK B1;1 from Antirrhinum majus, CDK B1;1 from Medicago sain* (alfalfa) and 
CDK Bl'from Dunatlalla tertto/ecfa. Further preferably the Cass 1 B-type CDK-is a CDK B1;1 
15 from Arabidopsis fha/iana or a CDK B1;2 from Areb/dopa/s thaliana. Alternatively, the nude,c 
acid is preferabiy a Cass 2 B-type CDK, such as a Cass 2 B-type CDK seleoted from the 
examples shown in Fig 1. nemely, a CDK B2;1 from AnMcpsis thaliana. a CDK B2;2 from 
Arabidopsis thaliana. a CDK B2 ; 1 frem Antirrhinum majus. a CDK from 
Mesamhryanthemum cranium, a CDK B2 ; 1 iron, Medtoago aafrva, a CDK B2;1 frem 
20 Lepers/con asculantum and a CDK B 1 from Oryx, safive. Further preferably the Cass 2 B- 
typa CDK is a CDK B2;2 from Arabidopsis thaliana. 

Most preferably the CDK B1 ; 1 nudeic acid is aa represented by SEQ ID NO: 1 or by a portion 
thereof, or by a nuCeic add sequence capable of hybridising therewith, and wherem the CDK 
25 B1 -1 protein is as represented by SEQ ID NO: 2, or a homologue, derivative or active fragment 
thereof. Most preferably the CDK B1 ;2 nuCeic acid is as represented by SEQ ID NO: 3 or by a 
portion thercof, or by a nuCate add sequence capable of hybridising therewith, and wherem 
the CDK B1;2 protein is as represented by SEQ ID NO: 4, or a homologue. derivabve or acbve 
fragment thereof. Most preferably the CDK B2;2 nuCeic acid is as represented by SEQ ID NO^ 
30 5 or by a portion thereof, or by a nudeic acid sequence capable of hybridising therewith, end 
wherein the CDK B2;2 protein is as represented by SEQ ID NO: 6, or a homologue, denvabva 
or active fragment thereof. Each of the CDK B1;1. CDKB1 ; 2 and CDK B2;2 nude, 
adds/proteins also encompass the variant nudeic acids and amino acids as descnbed 
hereinbefore. 

35 The present invention a.so relates to the use of a B-lype CDK nudeic acid/gene and/or to the 
use of a B-type CDK protein aa growth regulatora. The B-type CDK nuCeic acid sequences 



30 



PCT/EP2004/052035 

WO 2005/024029 



MM. described and the B^ype CDK amino acid sequences hereinbefore descnbed „ 

eariy usefu. in modifying the growth eharacferistfcs of plants. The sequence, 
find I as qrowth reguiators or growth stimulators. The parent ^ ^ ' 
composition comprising a B-type CDK pmtain as hereinbefore descbed for the use 

5 growth regulator. 

Converse,, the sequencaa according to the present invention may also be interest targets 
rZtl> -pounds, such as berimes. "J~^Z 
encompasses use of the aforementioned B-type CDK nudeic acHs as facets for agrocham^a, 
10 compounds, such as herbicides. 

Description of figures 

The present invent « now be descnbed with reference to the Mowing ffcures in whtoh: 

15 Flg.1 is a phyiogenetic tree showing the relationship ofCDKs from various plants. 

ng. 2 is an enlarged view of the CDK A branch of the phyiogenetic tree of Fig. 1 

Fi9 . 3 is a map o, the binary vector for the expression in Oryza sativa of . 
20 »lna CDKB1.1 gene underthe contro, of a puta«ve beta^xpansin promoter, EXPB8 (SEQ 

ID NO: 14). 

Fig . 4 is a map of the binary vector for the express** in Ory.a saBVa of an AraNdops* 
ftaBana CDKB1 ;2 gene under the control of a GOS2 promoter (SEQ ID NO: 15). 

25 m 5 fe a map o, the binary vector tor toe express** in Oryza saf^a of an «*qp* 
tta/fena CDKB2;2 gene underthe conirol of a COS 2 promoter (SEQ ID NO: 15). 

Flg . 6 details examples of sequences usetol in performing the methods acting to the 
30 present invention. 

Fia 7 is a CLUSTAL W (1 -82) multiple sequence alignment for some representative CDK B- 
Z ::^s. in J is a mot, found in B-type CDKs; undented is a ^ nase 
domain and in italics is shown a T-.oop actuation Kinase doma.n (Magyar et a/., 1997 (Plant 
35 Cell 9 (2). 223 - 235)). 
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^Z^feventton wii, now be descdbed wKb reference to the M examp.es, whfch 
are by way of illustration alone. 

Ltd (UK) and Blackwell Scientific Publications (UK). 

FYamole 1- Gene Cloning - CDKB1;1 ... 

. DA soi«f I no After reverse transcription of RNA extraciea 

seedling cDNA library (Invrtrogen, Paisley, UK). Atter revers, k 

seeuimy j ^ _ rf R 0 Averaqe nsert size of the banK 

from seedlinqs the cDNAs were cloned into pCMV Sport 6.0. Average 

from seeaungs, u» i. Oriqinal titer was determined to 

was 1 5 kb and original number of clones was 1.59x10 cfu. ung.na. 

was 1.3 kd anu a rrMtion Ry10 n cfu/ml After plasmid extraction, 200 ng 

be 9 6x10 s cfu/ml and, after first amplification, 6x10 ctu/mi. ane H 

performed using Hrfi Taq una poiym«i« Gateway 

llTed : ITT- POONR20, piasmid to produce, according to Gateway 
ZZZ - cferfe". P 0438. PiasmH ,O0*» was purchased fro. as 
part of the Gateway® technology. 

Framole 2: Vector Construction - CDK B1;1 

T L ,,0438 was subsequent used in an LR reacbon wKh p3169, a desbnabon 
"edt oZ "ebon. Tb, vector «,nfe,ns as fundiona, eiemente wrthin 
tr^T toders: a piant se,ectab,e marker, a piant screenabfe marker and a Gateway 
« e^ tfentdl LR to W«, recomblnabon wife fee sequence of interest aiready cioned ,n 
35 cassette intended for L.K in v „ mmntar w exoression in young expanding tissue 

the entry done. A putative beta-expansm promoter for expression in yo 

is located upstream of this Gateway cassette. 
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After the LR recombination step, the renting expression vector as shown in Fig. 3 (CDK .61,1 
£Hxpans,n - oppression, was ft.nsfor.ed tnto «MM. and subsequently to 
£TL* plan*. Termed dee plants w«a aliowed to grow to and then exammed tor 
5 various parameters as described in Example 7. 

Example 3: Gene Cloning - CDK B1;2 

Tna ***** CDK B1;2 was amplified hy PCR using as a tempiate « 

seedling cDNA .ibrary (Invftrogen. Paisiey. UK). After reverse 
10 from seedlings, the cDNAs were cloned into pCMV Sport 6.0. Average meert s*e ofthe bank 
10 n S t andodglnalnu.berofcioneawaeofl.sgxio^ii. ^"J™* 

to pa 9.6x10* cfu/nx, after ftrstampiiftcafton of 6x10" ofu/mi. After plasmid e^oiV «n« 

„, temP late was used in a 50 p, PCR mtx. Primers prm439 

site in italic: V GGGGAOAAGTTTGWCAAAAAAGC/iGGCTTCACAATGGAGAAATACG 

1. AGAAGCTC 3') and prm440 (revere, complementary, stop codon in bold. AttB2 s«e ,n ttc 
nGGGACCACmGrAC^GMAGCTGGG^TCAGAACTGAGATTTOTO 3^ 

,„ d ude the AttB sites for Gateway recombinafton, were used for PCR amp,*cat,o. PCR wa 
partormad using Hifl Tag DMA polymerase in standard condone. A PCR fragment tf936b 
L amplified and purified also using standard methods. The first step o, the Gateway 
20 the BP reacfion, was then pertormed, dudng which the ^PC < ^wa 

Lombined in vivo with the pDONR201 plesmid to produce, according to the Gateway 
ZtooS. an -enfty .one", p5 38. Plasm* pDONR20, was purchased from Invftroge, as 
part of the Gateway® technology 

25 Example 4: Vector Construction CDK B1;2 

The en^y done p 5 38 was subsequent* used in an LR reecfion with p640, a destine on vector 
Tsed Toryza Lm transformed. This vector contoins as functional eiements wrthin the T- 
2 horded a plan, Actable marKer; a plant screenabte marKer; and a Gateway 
intended for LR in vivo recombination w«h toe sequence of interest already cloned in the enfty 
30 done. AGOS2promoterforup re gu,ationwaslocatedupsfteamofthisGatewaycassette. 

After the LR recombination step, the resulting expresston vector as shown in Fig. 4 (CDK B1* 
GOS 2 - overexpression) was transformed into Abactor*™ and subsequenfiy to Oo*a 
°l plants. Transformed rice plants were allowed to grow to and then examined for venous 
35 parameters as described in Example 7. 
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Example 5: Gene Cloning -CDKB2;2 

Tne Mttp* CDKB2;2 was amplified by PGR using as a template an «a,«na 
seediing cDNA librae (Invftrogen. Pafeiey, UK). After reverse tranecaption of RNA exacted 
from seedlings the cDNAs ware cloned into pCMV Sport 6.0. Average insert so* of the bank 
' ^"randorigina.narnberof.oneswasofl^lO'cft,. Ortginai titer was detained 
to be 9.6x10= cfu/rtaftarflrstampllfteaftonofexlO" «M Ato pl <f™ d °^ 
o, template was used In a 50 p, PCR mix. Primers prm2213 (sense, start oodon « , boW AftBI 
2 in 1*1 5' GGGGACAA6T7TGTACAAAAAAGCAGGC7TCACAATGGACAACAATGG 

0 AGTTAA „ and pm^U (reverse, oompiementary. stop oodon M*« - « 

GGGGACCACTTTGTACAAGAAAGCTGGG TTCAGAGAGAGGACTTGTCAG 3), whtoh 

inciude the MB sites for Gateway reoombinaUon, were used for PCR ampi^cabon. PGR was 
performed using m Tag DMA polymerase in stendard condition, A PCR fragmen -«8* 
was amplified and purffled else using standerd methods. The first step of the Gateway 
,5 — f the BP reaction, was then performed, during whfch tee PCR .ragmen wee 
rTmled ft v*o w»h tee pDO N R201 piasm* to produce, according to Gateway 
terminology, an "entry done', P 2660. Plasmid pDONR201 was purchased from Invrtrogen. 
part of the Gateway® technology. 

20 Example 6: Vector Construction -CDKB2;2 

The done P 2660 wee subsequent used in an LR reaction wHh p640, a desbna on 
^ ol* satfva transformation. This vector contains as runctiona, daman* w,th,n 
C-DNA borders: a plant selectable marker; a plant arxeenabie marker and a Gateway 
cassette Intended for LR ft wvo recombination with the sequence of interest already doned ,n 
25 ft^dona. A pGOS 2 p ro moterteroverexpressionwas,ooatedups,eamofte te Gata„ay 

cassette. 

After the LR recombination step, tee resulting expression vector as shown in F*. 6 (CDK B2* 
GOS2 - overaxpression) was transformed into Agrobacfenum and subsequently into Oryza 
30 safrVa Plants. Transformed dee plants were allowed to grow to end then examined for venous 
parameters as described in Example 7. 

Example T: Evaluation and Results 

Approximately 15 to 20 independent TO rice transformers were generated The pnmary 
35 ^ aformants were transferred from Kssue culture chambers to a greenhouse for growmg and 
^est o, T1 seed. 5 events, of which the T1 progeny segregated 3:1 for presence/absence 
rTtlgene, were retained. For each of these events, approximately 10 T1 seedhngs 
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oozing ft. ~e 0— - ~*° S >' ^"Z^JjZ" 
lac king the transgene (nuHizygotes), were selected by monifanng v«ua, marker express. 

statistical analysis: t-test and F-test 

5 A^o L ANOVA (ana.ysis ef variants, was used as statistic* mode, far the ove ra n 
ira^piantphenotypLa^ca. An F-test was carried out on*, ^parameters 
~H far all of the plants of all of the events transformed with the gene of mterest. The 

the overall effect of the gene or -global gene effecT. — nt dafe^ 
,0 JUL b, the value of the F-test, indicates a -gene" effect, meaning M the phen^pe 
n^Z is Ised by more than the presence or position of the gone. In the casa of the F- 

t„ check far an affect of tha genes within an event, i.e., far a Una-specific effect, a t-tast was 

rr s e a^0% P— lave,. Within one popu,a«on o, transfarmaUon even., some 
20 els can be under or above thls Meat threshold. This fe based » - ^ 
gene might only have an effect in certain posftlons in the genome, and that the ««™» 
r P osL-depandan, effect is not uncommon. This ktnd of gena effect may a,so be referred 
thrsposmon p The rvalue is obtained by comparing tha t-va,ue to the 

r.L a r : — by ^ - — * * «— . 

2S H far ma probability that tha nu„ hypothesis (null hypothesis being "there . no affect of 
the transgene") is correct. 

so ss— ^ p,a ^"r~ T a :i 

link unambiguously the phanotyping data to tha corresponding plant. The selected p 
;l g J on sol, in 10 cm diameter pots under the fallowing en— d , 

sowj undl the sfege of maturtty each plant , £ 

imaging cabinet and imaged. At each time pent dgtal ,mages (2048x1536 prxels, 
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10 



15 



colours! were taken of each plant torn at least 6 different angles. The parameters described 
rr^TdZ in an almated way from aU the «W l^ges o, a« the plants, us.no 
image analysis sofiware. 

,n the tab.es of res* beiow, each row corresponds to one event The numeric difference 
JITthe posits plants end the negaUve plan* is gfcen (dif, as «■ as the percentag 
d^nce beleen these piants (% « P-value stands for the probabiitty produced by the t- 
mhpiantiine. The ias, shows average numbers for ail events. In th,s row, the p- 

value is the p-value from the F-test. 

^STtrTwas determined by anting the total number of pfcela Jam 
Zegld Plant parts discdminated from the background. This value was averaged for^he 
TZ taKen on the seme time point from the different angles and was converted to e 
1-e value .pressed in spuare mm by calibration Expedients s ow ^ 
abound plant area measured this way correlates with the b,omass of plant parts above 
ground. 



Table 2: T1 Abovegrou nd plant area - CDK B1 ;1 

T1 Aboveground plant area - CDKB1,1 



Line 


/o dif 


p-value 




■3 


0.7936 


2 


11 


0.4897 


3 


53 


0.0011 


4 


10 


0.4096 


5 


-2 


0.8065 


Overall 


10 


0.0729 



20 



25 



*s stW wn in Table 1 , line 3 gave a secant increase in tr,e b = nd a,a for b.nsg 
piants relauve to control plan*, with a p-v^ue from the West of 0.001 . U». 2 and 4 
showed an increase in aboveground plant area relative to that of art* plants. An ov«a» 
ZL of 10% was seen in the aboveground area of transgenic plants compared to control 

plants. 
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Table 3: T1 Aboveground plant area -CDK B1;2 

PI Above ground plant area - CDK B1;2 



10 



15 



Line 


ftdif 


p-value 


10 


-5 


0.6726 


11 


34 


0.0002 


12 


19 


0.0573 


13 


■6 


0.4359 


Overall 


11 


0.0178 



As shown in Table 2, lines 11 and 12 gave a significant increase In abcveground plant area 
with respective p-values from the West of 0.0002 and 0.0573. An overall gene effect was a so 
Ipparen from a p-va,ue of 0.0178 from the F-test. An overa,, increase o, 1 % ~ "« 
ahoveground area of transgenic plan* compared to confro, .plants. Una 11 was aiso 
confirmed in the T2 generation (see Table 4 betow, with a 30% increase compared to 
corresponding nullteygotes and with a p-value from the t test of 0.0002. 

Table 4: T2 Aboveground plant area - CDK B1 ;2 



T2 Aboveground plant area - CDK B1 ;z 


Line %d.f 


p-value 


13 


5 


0.5379 


12 


-8 


0.2791 


11 


30 


0.0002 


Overall 


9 


0.0508 



upper pot edge and the uppermost pfce, corresponding to a plant part above ground^ Th s 
va ue was averaged for the pictures taKen on the same time point fron, the Afferent angles and 
^converted, y calibration, to a physics, ofctanca expressed in mm. Experiments showed 
Z Plan, height measured this way corses with p-ant heigh, measursd manuafiy w*h a 



25 



ruler. 
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Table 5: T1 Height - CDK B1 ;1 



T1 Height — CDK B1;1 


Line 


Vo dif 


p-value 


1 


-5 


0.3466 


2 


1 


0.8181 


3 


19 


0.0045 


4 


6 


0.3358 


5 


-2 


0.7003 


Overall 


3 


j0.2693 



The results are shown in Table 5. As shown, line 3 showed a significant increase in plant 
height relative to corresponding control plants (with a p value from the West of 0.0045). 

Table 6: T1 Height - CDK B1 ;2 



T1 Height- CDK B1;2 


Line 


% Diff 


p-value 


13 


-9 


0.1222 


12 


10 


0.1084 


11 


9 


0.1022 


ib~ 


-4 


0.5187 


Overall 


2 


0.5361 



Table 7: T2 Height - CDK B1 ;2 



T2 Height- CDK B1;2 


Line 


% dif 


p-value 


11 


9 


0.019 


12 


-3 


0.4815 


13 


5 


0.2379 


Overall 


4 


0.0945 



10 



Table 6 shows an increase in height in the T1 generation for iinas 11 and 12. As shown in 
labia 7. lina 11 showad a signfficant incaasa in haight in T2 ganaration plants ralabva to 
control plants and gave a p value from the t-test of O.Oig. 
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7.2 Seed.re.ated parameter m easu— ^ and ^ ^ to 

The mature primary panicles were harvested, bagged, oar™ 

again. The filled husks were weighed on an analytical balance. Th.sproc 
set of seed-related parameters described below. 



(r. ) Total see ^ ""™h«r per plant 
10 This was measured by counting the number of husks harvested from a plant. 



Table 8: T1 Total seed number- CDKB1;1 



Line 


>/o dif 


p-value 


1 


10 


0.4842 


2 


10 


0.6685 


3 


80 


0.0002 


4 


3 


0.8577 


5 


-10 


0.4176 


Overall 


12 


0.081 



15 



The results are shown in Table 8 above. As shown, line 3 gave a *gnifiean, ™n*e 
dumber o, seeds produced by transgenic plants relate to *e total number o, seeds 
produced by control plants (with a p value from the t-test of 0.0002). 

Table 9: T2 Total seed number -CMC Biff 



T2 Total Seed Number - CDK B1 ,2 


Line I 


% d if 


p-value 


11 


32 


0.0047 


12 


h16 


0.1356 


13 


-0 


0.9856 


Overall 


5 


0.4425 
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As shown in Table 9, line 11 showed a sioniflcant Inorease (with a p value from the Meet of 
0.0047) in the total number ofseeds of transgenic plantsrelaUve tothetota. number ofseeds 
of control plants. 

5 W ) Mi »r>ber of filled seeds 

The number of Bled seeds was determined by courting the number of filled husks that 

remained after the separation step. 



10 



Table 10: T1 Number of filled seeds - CDK B1;1 



T1 Number of Filled Seeds - CDK B1;1 


Line 


Vo dif 


p-value 


1 


20 


0.3353 


2 


4 


0.881 


3 


67 


0.0072 


4 


-10 


0.6329 


5 


-4 


0.8055 


Overall 


12 


0.2026 



The results are shown in Tab.e 10 above. As shown, line 3 showed a signtfcant increase in 
the number of filled seeds relative to that of controi plants (with a p value of the t test 
0.0072). 



15 



Table 1 1 : T1 Number of filled seeds - CDK B1 ;2 



T1 Number of filled seeds - CDK B1 ;2 



Line 


% dif 


p-value 


10 


10 


0.7578 


11 


56 


0.0091 


12 


-18 


0.3294 


13 


-6 


0.7196 


Overall 


14 


0.3805 
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Table 12: T2 Number of filled seeds - CDK B1 ;2 



T2 Number of filled seeds - CDK B1 ,2 


Line 


% Diff 


p-value 


13 


-2 


0.8861 


12 


-23 


0.1299 


11 


45 


0.0013 


Overall 


8 


0.3391 



As shown in Table 11. line 11 showed an ir^ease in the number of filled seeds raiahve to 
oon.ro, plants with a p value from the t-tes, of 0.0091 . An overall deference of 14 A was 
5 observed for the number of filed seeds of transgenic plants Native to the number o, filUHt 
seeds for corresponding contra, plants. The results of the T2 generation are shown ,n Table 
12, with line 11 performing particularly well. 



fg ) Total seed yield per plant , nIont 

10 The total seed yield was measured by weighing all filed husks harvested from a plant. 

Table 13: T1 Total weight of seeds - CDK B1|1 



15 



T1 Total Weight Seeds - CDK B1;1 



Line 


% d if 


p-value 


1 


21 


0.3578 


2 


28 


0.4186 


3 


75 


0.005 


4 


-9 


0.6551 


5 


-3 


0.8182 


Overall 


16 


0.1096 



The results are shown in Table 13 above. As shown, line 3 showed a significant Increase (w h 
T 9 Zm *om the , test of 0.005, In the total weight of seeds of transgenic plants relahve to 
L total weight o, the seeds of corresponding non-transgenic plants. An overall .ncreaa, 
Tm was observed for the total weight of the seeds of transgenic plan* ve.es the total we„ht 
of the seeds of control plants. 
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Table 14: T1 : Total weight of seeds - CDKB1;2 



T1 Total Weight Seeds - CDK B1 ;2 


Line 


Vo dif 


p-value 


10 


2 


0.7587 


11 


46 


0.0139 


12 ' 


Tz 1 


0.4276 


13 


-7 


0.6736 


Overall 


11 


0.5841 



As shown to Tab,e 14, Una 1 1 showed a significant increase in the total we,ght of ha saedsof 
transgenic plants relative to the totai wefcht of seeds of control piants with a p va toe torn the t 
test of 0.0139. The results of the T2 generation are given in Table 15 below, wrth Una 1 1 
performing particularly well. 

Table 1 5: T2: Total weight of seeds -CDK B1;2 

T2 Total Weight Seeds - CDK B1 ;2 ^^^^^ 



10 



Line 


% Diff 


p-value 


13 


-6 


0.7393 


12 


-25 


0.1509 


11 


54 


0.0015 


Overall 


8 


0.3694 



^S^present — is defined as the ratto between the to., seed y ie,d 
and the above ground area (mm 2 ), multiplied by a factor 106. 



T1 Harvest Index - CDK Bl ;i 


Line 


>/• dif 


p-value 


1 


10 


0.5097 


2 


-2 


0.8972 


3 


45 


0.0201 


4 


-10 


0.5009 


5 


0 


0.9868 


Overall 


6 


0.3644 
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The results are shown m Table 16 above. As shown, line 3 showed an increased newest 
P'an* relative U» the harvest index of centre, plants («Hh a p va,ue frem 

the t-test of 0.0201). 



(n ) Thousand Kernel Weight , , c „ . 

^t^orne, Weight CTKW>: thfe parameter h exttepolated from the number o. filled 



10 



counted and their total weight. 

Table 18: T1: Thousand Kernel Weight (T KW) — CDK B1 ;2 



T2TKW-CDKB1;2 


Line 


% Diff 


p-value 


13 


-1 


0.8261 


12 


5 


0.1968 ' 


11 


-7 


0.0646 


10 


-4 


0.3081 


Overall 


-2 


0.3622 



Table 19: T2: Thousand Kernel Weight (TKW) - CDK B1;2 



|T2 TKW — CDK B1;2 


Line 


%dif 


p-value 


11 


14 


0.0347 


12 


1 


0.8554 


13 


-5 


0.2525 


Overall 


3 


0.4471 



The results of the T1 general are shown in Teb,e 18. Table 19 gives the results of the T2 
ZZ*. As shown, Line 1 1 gave a secant increase in the TK* of transgen,c plants 
15 relative to the TKW of control plants with a p value from the t-test of 0.0347. 



Stnt^n^— were modelled to obtain a growth cunre for ^ pfcnt 
ZZL (in mm*, was plotted agalnsttime (in days) and from the resultant growth curve the 
20 following parameters were calculated. 
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Table 20: T 1 Growth rate - CDK B2;2 



1 ina 0 

Line 


/o d'rf 


)-value 


on 


3 


3.2143 




A 


3.0749 


22 


-3 


0.2296 


23 


4 


0.0582 


24 


1 


0.4851 


25 




0.9693 


26 


-1 


0.5318 


27 


-4 


0.0255 


Overall 


-1 


0.1062 



The res* are shewn ,n Tabie 13 above. As shown, lines 21 and »^T^ 
increases in the grewth rale of transgenio piants relabve to the growth rate of centre, piants, 
5 with increases of 4 days observed in both cases. 

Example 8: Transgenic Corn Expressing a B-type CDK 

Ts CDK is cioned under control o, a young expanding tfcsue-preferred or a — • 
JZ in a piant transformabon vecfcr suitabie for Z 
10 Urmation. 

rr-^« - — * (p,art phystoi - 2002 May: 

12g(1): 13-22). 

15 Transgenic plants made by these memods are grown in the greenhouse for T1 seed 
^ In. inherit and »py number o, the transgene is checked by guanttabv. J* 
Le PGR and Southern Hot anaiysis. Expresston ievels of the transgene are deterrmn ^ by 
Terse PC* and Northern analysis. Transgenio iines w«h single ^T^ Z 
transgene and with varying levels of bansgene expression are seiected for T2 seed 

20 production. 

Progeny seeds are germinated and grown in a greenhouse in conditions adapted for maize 
Z oUod. 26-28-0 daybme » and 22-24*0 nfcht time tempe^re as we. 
under water-deficfent, nibegen-deflcien, and excess Nad cond,bons. n the case 
25 null segregants bom me same parent* line, as wei, as »„d type piants of the same cuibvar are 
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protein content and oil content). 

Lines that are most significant* improved compared to corresponding control » 

«,« field validated transgenic traits into commercial germplasm. The testing of marze for 
aZtlld parameters in the field is conduced using well-established P— ^ 
si" pressing specie loo, (sue,, as b.nsgene containing .oc„ f» one germplasm 
into another is also conducted using well-established protocols. 

Example 9: Identification of mutant B-typeCDKs 

tricolor biology axpeHmente were performed follow^ sUndard 
nesanauon vectors were amplified using ^ - ™ -» ^ 
detta (srl-recA), mcrB, mrr, hsdS20 (rB, mB-). supE44, «14, , J"^*,. 
Smr) xy.5, lambda-, leu, m«1). Other instructs were ampftfied us,ng B. * DW a 
, Lin (F-, pMOMZD*. M15, Deita (lacZYA-arsF), U168, deoR, recA1, hadR17 (rk,mk*>. 
gal-, phoA, supE44, Lambda-, thl-1, gyrA96m, relA1). 

a 0- Strains and media used „ ... 

tllut lino-acids (Difco.Bectcn Dickinson, Sparks, Madison, USA) 0.7 % w/v, agar 2 % w/v) 
w.thoutam.no-ac.dsp.fco, amin0 -acid drop-out mixture 

supplemented with appropriate sugars and tne aaeq 
30 Jontech Pa«o-A.to, Caiifornia, USA). Competent yeast cells were prepared and used for 
30 Ration using the Frozen-EZ Veast Transformed II kit (ZymoResearch, Orange, 
California, USA) following the instructions of the manufacturer. 

9 1 • Two-hybrid vector construction 

35 pAD-Ga!4 21 and P BD-ga,4-cam (Sttatagane, La Jo»a, California, USA) were cut w*h SmaL 
" ^o^ated, ..gated to the Gateway cassette C (Life Technology n = Ltd 
Pate.ey.UK) and inboduced .n.o Eecberfsh/a caff DB3.1 . The onentabon of the cassette wa 
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Technologies, Invitrogen Ltd, Paisley, UK). 

Er ====== 

7- — ——'»—" ~ ~r„"rs^sr. 



15 domains. 



20 



25 



ura «2,his^ 2 00,ad e 2A «p« 01 , 1^-3112, 9 a.4A,gal80A LYS2..GAL1HIS3, adez. 
ADE2, met2v.GAL7-lacZ. Uetz eta/. 2000). 

9 2: Random mutagenesis -wwi 

. , tat* TDK A-1 coding sequences were produced using error-prone PCR. 30ng 
Random., mutated CDK. A.1 coding s q ^ ^ ^ ^ 

of pAD-cdc2-1 plasmid were added to a PCR mx (OA ' XACJAC) 1mM , 

dTTP 1 mM, buffer 1X, MnCI2 0.5 mM, forward pnmer (AGGGATGTTTAATACC ^ 

— ™ as " -c ;r^, M by . - w - . 

minU r a "T 2 C ™XZZJ> errors at a rate of 2-3 base substitutions per «, 
m ,„utesat72C. Th« 49:716 . 720; shaflkhani e , al (1997). 

: ir - ^"toT 1 PCR -glnt was Coned dire* bv gap-repair .oning 
^"TTn^vZ 15 715-720) into pAD vector linearfced bv EcoR I and SaM 
( T tnl ea^i MaV203 (Life technolos,) containing the P BD-OsiCK2 or P BD- 
d,gesbon, using the yeast strain Ma ( revefs a.two-hybrid methods. The 

, OSICK4 plasmid as recipient CDK A,1 was select y 5 . fluoro ^ ro tic 
yeast strains were plated on -Leu -Trp selective medium containing 0.2 A (w/v) 
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add and incused at 2B'C. Yeast Monies able to survive 0 n such a media, were CDK A;1 
mutants unable to interact with ICK2 or ICK4. 

°* T :TZZZ^Z P^pha <MAT-a,pha, we™ termed *er wKh 

-His -Ade selective medium and .ncubated at 28 C for days. 

MATa/ninha diDloid yeasts containing AD and BD piasmia ex F « 
medium were MAT-a/alpha d.plo y ^ ^ ^ 

interacting proteins (James et al. (1996) Genet.cs 144. 



15 403 : 623-627). 



20 



25 



veast gala^nducible expression vector ^ ™- „ 
Sa , ,, ngatodto ^ ^resulting — pE-OW, . 

— * d ,°r rossTand cLJd the «l site o, the gateway cassette dire* 

r:r: ^11. The seguences r — - 

the pE-GW vector from the pDONR entry clone via the gateway LR reacts. 

medium, at 37° C. The yeast strains expressing genes able to rescue the ede 
those able to grow at that restrictive temperature. 

RESULTS 

SSS mutant library in pAO vector was generated by ^ 

Zoning in the M aV 2 03 strain as *s .bed • £ ^ gmw ol 

. hvhri ri About 100 000 mutants were screenea, dnu ^ v*, 

i reverse two-hybnd. About iu trans f e rred into PJ69-4A for further 

5-fluoroorotic acid were obtained. Among them, /* we 
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10 



ri^tssr-s..— ----- 

mutant strain, like the wild type cdc2 protein, was also investigated, 
in Table A repeated below. 
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Mutant 


SEQID NO 


Mutation Pos 


ition 


1 


SEQ ID NO: 9 


Y4H 


V/9D 


A152T 


2 


SEQ ID NO: 1U 


130T 






3 


SEQID NO: 11 


E5V 


R122S 


K143E 



Mutations positions are calculated from the first methionine of CDK A;1. 
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mzMmtsmmLS&zzML and whlcn hav6 l05t ^ 

them unabie to inhibK the CDK-cy* complex. The mounts shown ,n Table B 
repeated below show such characteristics. 



Table B: Mutants that bind CKI but not cyclin 



Mutant 



SEQ ID NO 



SEQ ID NO: 12 



SEQ ID NO: 13 



Mutant Position 



G154R 



Q3P 



E38A 



R137L 



S182A 



1193T 



M267V 



R279Q 



30 
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